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Environmental  Stress  In  Aquatic  Systems-  J.H.  Thcrp  and  J".  W. 
Gibbons,  eds.  National  Technical  Information  Service, 

Springfield.  Virginia-  In:  EPA  1985c-  Ambient  Water  Quality 
Criteria  For  Mercury  -  1989.  EPA  990/5-89-026.  January  1985. 
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Frlnglllidae  Catpadacus  caasinii  Cassln's  finch 

Frlnglllidae  Carpadacus  mexicanus  House  finch 

Frlnglllidae  Canpcidacus  pucputeua  Purple  finch 

Frlnglllidae  Coccolhrausies  vespartinua  Evening  grosbeak 

Frlnglllidae  Laucaatlcte  arctoa  Rosy  finch 
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1.0  STATISTICAL  ANALYSES  FOR  CURRENT  EXTENT  OF  CONTAMINATION  IH  BIOTA 

1  ■  1  ItJIRQBUCIIQN 

Nonpararaetrlc  statistical  methods  were  used  for  all  analyses  of  tissue 
concentration  data  because  variances  were  consistently  heteroscedast  lc  and 
markedly  non-normal-  The  ganeral  analytical  approach  for  each  species  was 
the  same  In  that  a  separate  Kruskal-Wallls  one-way  ANOVA  by  ranks  (Siegel, 
1957)  for  each  dependent  variable  (1-e-,  arsenic,  mercury,  aldrln,  dleldrln, 
endrln,  DDE,  and  DDT)  Initially  was  used  to  evaluate  If  at  least  one 
treatment  group  differed  from  the  others-  This  preliminary  analysis  was 
then  followed  by  a  set  of  hierarchical  or  orthogonal  a  priori  contrasts  that 
were  specific  for  the  particular  experimental  design  or  species  of  concern. 
The  experimental  design  for  each  species  is  Illustrated  by  a  dendogram  In 
which  compared  groups  (vertical  lines)  are  united  by  a  horizontal  bar-  The 
results  of  the  statistical  analysis  for  each  variable  are  then  superimposed 
on  a  dendogram  along  with  descriptive  statistics  (mean,  standard  error  of 
the  mean,  and  sample  size)  for  each  treatment  group.  Samples  sizes  were 
insufficient  for  statistical  comparisons  involving  sunflowers  or  morning 
glories-  Means  were  calculated  substituting  zero  (0)  for  levels  below 
detection  limits- 

1 • 2  EA&IHHQRHS 
Balionale 

Data  were  available  for  seven  contaminants-  Three  sites  (onsite  controls, 
offsite  controls,  and  onsite  contaminated  areas)  yielded  specimens  for 
statistical  analyses-  A  priori  contrasts  Included  a  comparison  of  onsite 
controls  with  offsite  controls  and  a  comparison  of  pooled  controls  with 
onsite  contaminated  areas- 

Kesulis 

Only  comparisons  for  arsenic  yielded  significant  differences  (Figure  B - 1  —  1 )  - 
The  preliminary  AHO'/A  indicated  significance  differences  among  the  three 
sites-  Onsite  controls  differed  from  offsite  controls,  and  the  comparison 
of  pooled  controls  with  contaminated  areas  approached  significance  (0-10  > 
p  >  0-05)-  Many  potential  differences  between  control  and  contaminated 
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sites  may  have  remained  undetected  because  of  low  sample  sizes,  especially 
for  the  contaminated  site  (n  -  2). 

1 • 3  CRASSHQ2ERRS 
Rationale 

Specimens  were  categorized  according  to  site  of  capture  from  two 
contaminated  areas  (1  -  RMA  Section  36.  2  -  RMA  Section  26)  and  two  control 
areas  (3  »  onpost  control.  A  -  offpost  control).  The  hierarchical  analyses 
Included  (1)  contrast  of  Section  36  with  Section  26,  (2)  contrast  of  the 
offpost  control  with  the  onpost  control,  and  (3)  contrast  of  the  pooled  data 
from  control  sites  with  the  pooled  data  from  contaminated  sites-  Sample 
sizes  were  small  for  each  of  the  four  groups-  Data  for  all  seven 
contaminants  were  available  for  analysis. 

Results 

Statistical  results  are  summarized  In  Figure  B-l-2-  Mercury,  DDE,  and  DDT 
failed  to  yield  any  significant  differences.  In  addition  to  significance  In 
the  preliminary  ANOVA,  a  significant  difference  In  level  of  arsenic 
contamination  was  detected  between  contaminated  sites  and  was  approached 
(0-10  >  p  >  0-05)  for  the  comparison  of  pooled  contaminated  and  pooled 
control  sites-  Significant  differences  in  levels  of  aldrin  were  detected  In 
the  preliminary  ANOVA  as  well  as  between  contaminated  sites;  significance 
was  approached  (0.10  >  P  >  0-05)  for  a  difference  between  pooled 
contaminated  and  pooled  control  sites-  Significance  was  obtained  for  all 
comparisons  of  dleldrln  levels,  except  that  between  onpost  and  offpost 
controls.  For  endrln,  differences  among  sites  were  significant  among  the 
four  treatment  groups  in  the  preliminary  ANOVA,  as  well  as  between  the  two 
contaminated  ^ltes. 

1 • A  MALLARDS 
Rationale 

Specimens  were  categorized  Into  six  groups  according  to  age  (egg.  fledgling, 
adult)  and  site  (contaminated  and  control)-  Four  a  ptioci  contrasts  were 
conducted  and  Included  (1)  eggs  from  control  versus  contaminated  sites.  (2) 
fledglings  from  control  versus  contaminated  sites,  (3)  adults  from  control 
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versus  contaminated  sites,  and  (4)  among  age  class  comparisons  In  which  the 
sites  were  pooled- 

Besulls 

Data  were  available  for  all  7  dependent  variable  except  arsenic-  The 
results  of  the  Kruskal-Wall is  ANOVAs  for  each  variable  are  presented  In 
Figure  B-l-3.  For  mercury,  highly  significant  differences  existed  among  the 
six  treatment  groups,  and  the  a  priori  contrasts  Identified  differences 
between  fledglings  from  control  and  contaminated  sites,  as  well  as 
differences  among  age  groups  when  contaminated  and  control  sites  were 
pooled.  For  eggs,  significance  was  approached  (0-10  >  p  >  0-05)  for 
differences  In  mercury  content  between  control  and  contaminated  sites-  For 
dleldrln,  significant  differences  were  identified  between  control  and 
contaminated  sites  for  eggs  (p  <  0-001)  and  fledglings  (0-05  >  p  >  0-01): 
moreover,  differences  between  control  and  contaminated  sites  approached 
significance  (0-10  >  p  >  0-05)  for  adults-  When  sites  were  combined  for 
each  age  group,  no  differences  were  detected  among  age  groups-  Although 
none  of  the  statistical  tests  for  DDE  revealed  significant  differences  among 
treatment  groups,  significance  was  approached  (0-10  >  p  >  0-05)  In  the 
Initial  comparison  of  the  six  groups,  as  well  as  in  the  a  priori  contrasts 
of  control  and  contaminated  sites  for  eggs,  and  the  comparison  among  age 
groups  when  sites  were  combined-  Aldrln,  endrln,  and  DDT  were  never 
detected  In  any  tissues  and  all  statistical  comparisons  were  nonsignificant. 

1 • 5  EHEASAHI 
Rationale 

Specimens  were  categorized  according  to  site  of  capture  (offpost  control 
versus  onsite  contaminated  areas)  and  age  (egg,  fledgling,  or  adult)  into 
six  groups  (1  »  onpost  eggs,  2  -  onpost  fledglings,  3  •  onpost  adults,  ^  » 
control  eggs,  5  -  control  fledglings,  and  6  »  control  adults).  Few  adult 
birds  were  obtained,  especially  from  control  areas  (maximum  n  »  2)-  A 
priori  contrasts  Included  (1)  comparison  of  onpost  and  control  eggs,  (2) 
comparison  of  onpost  and  control  fledglings,  (3)  comparison  of  onpost  and 
control  adults,  and  ( U )  comparisons  among  the  three  age  classes  regardless 
of  site  of  capture-  Data  were  available  for  all  seven  contaminants. 
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STATISTICAL  ANALYSIS  OF  CONTAMINANTS 
IN  MALLARDS 
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Results 

Statistical  results  are  summarized  In  Figure  B-l-4.  No  significant 
differences  In  levels  of  mercury,  aldrln,  endrln,  DDE,  or  DDT  were  obtained 
for  any  contrasts-  Although  no  significant  differences  In  levels  of  arsenic 
Figure  B-l-3  were  detected  between  control  and  contaminated  sites  within  any 
of  the  three  age  groups,  significant  differences  were  revealed  among  age 
groups,  as  well  as  In  the  preliminary  ANOVA.  In  contrast,  significant 
differences  between  control  and  onpost  sites  for  eggs  and  for  fledglings 
(but  not  for  adults,  probably  due  to  small  sample  sizes)  were  obtained  for 
dleldrln.  The  preliminary  ANOVA  was  also  significant  for  dleldrln- 

1  •  6  CQIIOtJIAIL.RABBIIS 
Rationale 

Specimens  were  obtained  from  one  contaminated  area  (1  «  RMA  Section  36)  and 
from  two  control  sites  (2  -  onpost  control  and  3  »  offpost  control).  A 
priori  contrasts  Included  comparison  of  onpost  and  offpost  controls,  and 
comparisons  of  pooled  controls  with  the  contaminated  site-  Contaminant 
levels  were  obtained  for  arsenic,  mercury,  aldrln,  dleldrln,  and  endrln. 

Results 

Statistical  results  are  summarized  In  Figure  B.l-5-  No  significant 
differences  were  obtained  for  any  comparison  of  arsenic,  mercury,  aldrln.  or 
endrln-  Significance  was  approached  (010  >  p  >  0-05)  in  the  preliminary 
comparison  of  dleldrln  levels  among  the  three  groups!  the  a  pciacl  contrast 
between  pooled  control  sites  and  the  contaminated  site  was  significant. 

1.7  D££R 
Rationale 

Levels  of  contamination  for  arsenic,  mercury,  aldrln.  dleldrln,  and  endrln 
were  obtained  from  muscle  and  liver  of  specimens  from  contaminated  sites  and 
offpost  control  sites.  Data  wore  analyzed  separately  for  liver  and  muscle 
to  avoid  problems  of  psuedorepl Ication  (a  liver  and  muscle  sample  was 
analyzed  from  each  specimen).  Moreover,  a  pcloci  contras  s  were  not 
conducted  because  only  two  groups  were  distinguished  in  each  analysis- 
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Results 

Statistical  results  are  summarized  In  Table  8*1-1*  No  significant 
differences  In  levels  of  contamination  In  the  liver  were  detected  for  any 
comparisons  of  control  and  contaminated  sites*  In  fact,  only  dleldrln  was 
detected  at  a  measurable  level  In  the  liver  of  deer* 

1  -  8  ERAIBI£_DOCS 
Rationale 

Specimens  were  categorized  by  site  and  season,  three  samples  represented 
control  areas  (l*e*,  summer  onpost  control  -  2,  summer  offpost  control  •  3, 
winter  onpost  control  -  6)  and  three  represented  contaminated  areas  (1-e-, 
summer  RMA  Section  36-1,  winter  RMA  Section  36  -  4 ,  winter  toxic 
yard  -  6).  The  a  priori  contrasts  Included  (1)  comparison  of  summer  and 
winter  RMA  36,  (2)  comparison  of  pooled  RMA  data  with  the  toxic  storage  yard 
data  (3)  comparison  of  winter  and  summer  onpost  controls  ( <, )  comparison  of 
pooled  onpost  controls  with  summer  offpost  control,  and  (5)  comparison  of 
pooled  control  sites  with  pooled  contaminated  sites.  Data  for  all  dependent 
variables  except  DDE  and  DDT  were  available  for  statistical  analysis* 

Results 

Statistical  results  are  summarized  In  Figure  B-l-6*  Comparisons  for 
mercury,  aldrln,  and  endrin  failed  to  yield  any  significant  differences* 
Similarly,  none  of  the  comparisons  for  arsenic  were  significant;  however, 
significance  was  approached  (0-10  >  p  >  0*05)  for  the  comparison  of  pooled 
control  sites  with  pooled  contaminated  sites*  In  contrast,  all  comparisons 
were  significant  for  dleldrln. 

1*9  AMERICAN_K£SIR£L 
Rationale 

Specimens  were  categorized  by  site  of  collection  (1  -  contaminated  sites  on 
RMA  and  2  -  offpost  control  areas)  and  age  (egg  or  fledgling).  A  priori 
contrasts  Included  (1)  comparison  of  eggs  from  control  and  contaminated 
sites,  (2)  comparison  of  fledglings  from  control  and  contaminated  sites,  and 
(3)  comparison  of  eggs  to  fledglings  regardless  of  site  of  collection-  Data 
were  available  for  all  contaminants  except  arsenic- 
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Table  B.l-1-  Statistical  Analyses  of  Contamlnat!on  In  Mule  Deer-  No 
siglflcant  differences  (Kruskal-Wallis  one-way  ANOVA  by 
ranks)  were  obtained  for  differences  between  sites  (control 
versus  RMA)  for  any  of  the  contaminants,  regardless  of  tissue 
source . 


_ Muscle _  _ Liver _ 

_ RMA _  _ Control _  _ EtiA _  _ Control _ 

T  Sy  N  T  Sy  N  T  Sy  K  Y  Sy  N 


Arsenic  0  0  14  0  02  00  14  0  0  2 

Mercury  .001  -001  14  0  02  0  0  14  0  0  2 

Aldrln  00  14  0  02  00  14  0  0  2 

DLeldrln  0  0  14  0  02  .013  -013  14  0  02 

Endrln  0  0  14  0  02  00  14  0  0  2 


Arsenic  NS 


c  r 

R  I 

SBSSS^ 

NS 


Hg  NS 


EXPLANATION 

NS  *  Not  Significant  (P>0. 10)  j 

~NS  =  Approaches  Significance  (0.10>P>0.05)  ; 
*  =  Significant  (0  05>P>0. 01) 

*•*  =  Highly  Significant  (0.01>P>0. 001)  < 

***  =  Very  Highly  Significant  (0. 001  >P)  j 


Section  36,  RMA  (Summer) 
On-site  Control  (Summer) 
Off-site  Control  (Summer) 
Section  36,  RMA  (Winter).-' 
Toxic  Storage  Yard  (Winter) 
On-site  Control  Winter) 
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Results 

Statistical  results  are  summarized  In  Figure  B-l-7-  Data  for  aldrln, 
endrln,  DDE,  and  DDT  were  never  detected  in  any  of  the  analyzed  specimens- 
A  significant  difference  between  eggs  and  fledglings  was  obtained  for 
mercury,  but  neither  of  the  control  versus  contaminated  comparisons  were 
significant-  For  dleldrln,  significance  from  the  preliminary  comparison  of 
the  four  groups  is  partially  resolved  by  the  a  priori  contrasts  in  which 
differences  between  control  and  contaminated  sites  were  detected  for  eggs  as 
well  as  for  fledglings- 
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2.0  STATISTICAL  ANALYSES  FOX  CONTAMINATION  EFFECTS 

2 . 1  IHISQDUCIIQN 

This  section  Is  designed  to  briefly  explain  the  results  of  statistical 
analyses  of  the  Biota  Assessment.  Each  section  of  this  document  corresponds 
to  a  particular  data  set  and  comprises  three  parts:  (1)  Introductory  remarks 
explaining  the  rationale  of  the  analysis,  (2)  actual  statistical  results 
provided  In  tabular  form  and  appended  to  the  text,  and  (3)  remarks  as  to  the 
conclusions  derived  from  the  statistical  analysis- 

2 . 2  SNAILS 
Ealianale 

Although  snail  densities  and  total  weights  were  estimated  from  7  sites  In 
each  of  two  years  (1986  and  1987),  the  same  sites  were  not  evaluated  In  each 
year-  In  particular,  Wellington  B  was  unique  to  1986  and  Wellington  C  was 
unique  to  1987.  This  lack  of  correspondence  across  years  prevents  a  more 
powerful  two  way  AHOVA  or  ANCOVA  approach  to  evaluating  the  effect  of  year 
and  contamination  level  on  snail  density  or  snail  weight.  In  lieu  of  the 
more  powerful  factorial  approach,  a  separate  one  way  ANO'/A  comparing  snail 
density  cross  sites  was  calculated  for  each  year.  Similarly,  a  separate  one 
way  ANOVA  comparing  total  snail  weight  across  sites  was  calculated  for  each 
year.  For  each  of  the  two  dependent  variables,  more  powerful  orthogonal  a 
priori  tests  were  conducted  that  compared  the  controls  to  each  other 
(Wellington  A  versus  B  In  1986,  and  Wellington  A  versus  C  in  1987),  the  five 
contaminated  lakes  to  each  other  (Lake  Mary  versus  Gun  Club  versus  Lake 
Derby  versus  Ladora  versus  North  Bog  In  each  year),  and  the  controls  as  a 
group  to  the  contaminated  sites  as  a  group.  Again,  ANOVA  and  the  orthogonal 
a  priori  contrasts  are  considered  to  be  robust  with  respect  to  deviations 
from  homoscedast  1c  ity .  Nonetheless,  the  very  highly  significant 
heteroscedast Ic lty  detected  by  the  Fmax  Test  Is  of  considerable  concern:  as 
such,  Kruska 1-Wa 1 1 Is  one  way  ANOVA  by  ranks  and  associated  non-parametrlc 
orthogonal  a  priori  contrasts  were  conducted  as  a  fall  safe  measures- 

In  order  to  control  for  the  possible  confounding  effects  on  snails  of 
differences  among  samples  In  temperature,  pH,  and  vegetation  weight 
(referred  to  as  covarlates  hereafter),  each  of  these  three  factors  was  used 
as  an  Independent  variable  In  a  multiple  regression  for  snail  density  in 
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1986,  snail  density  In  1987,  total  snail  weight  In  1986,  and  total  snail 
weight  In  1987.  The  residuals  from  each  of  these  four  analyses  were  saved 
and  used  as  dependent  variables  In  four  separate  sets  of  a  priori  contrasts 
and  ANOVAs. 

Results 

Tables  B-2-1,  B-2-2,  B-2-3,  and  B-2-A  report  the  statistical  results  of 
parametric  and  non-parametr lc  analyses  as  well  as  descriptive  group 
statistics  for  snail  density  In  1986,  snail  density  In  1987,  total  snail 
weight  In  1987,  and  total  snail  weight  In  1987,  respectively. 

Remarks 

Variances  were  very  highly  heteroscedast  lc  for  all  four  analyses 
(p  <<  0-001).  Even  though  the  results  of  the  parametric  analyses  are 
reported  In  full,  subsequent  consideration  will  only  focus  on  the  results 
from  the  Kruska 1-Wal 1  Is  one  way  ANOVA  by  ranks  (for  both  usual  and  residual 
ANOVAs) - 

o  Density  1986 — The  significant  differences  among  the  seven  sites 
were.  In  part,  affected  by  differences  between  controls, 
differences  among  the  contaminated  sites,  and  differences  between 
controls  as  a  group  and  contaminated  sites  as  a  group  (Table  B-2-1 ) - 
Although  the  covarlates  significantly  affected  snail  density, 
similar  differences  among  sites  persisted  In  the  ANOVA  by  ranks  on 
the  residuals,  with  the  exception  that  mean  values  among  the 
contaminated  sites  were  Indistinguishable- 

o  Density  1987--The  significant  differences  among  the  seven  sites 
were,  In  part,  affected  by  differences  between  controls, 
differences  among  the  contaminated  sites,  and  differences  between 
controls  as  a  group  and  contaminated  sites  as  a  group  (Table  B.2-2). 
Although  the  covarlates  significantly  affected  snail  density,  similar 
differences  among  sites  persisted  In  the  ANOVA  by  ranks  on  the 
residuals,  with  the  exception  that  mean  differences  between  control 
sites  as  a  group  and  contaminated  sites  as  a  group  did  not  obtain 
s Ignif  Icance ■ 
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Table  B -  2—1  -  Statistical  Results  of  Parametric  and  Non-Parametrlc  Analyses  for  Snail 
Density.  1986- 

Above — One  Hay  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  Snail  Density  Among  the 
Seven  Treatment  Groups  (NS.  Not  Significant  with  P  >  0-05).  Significance  of  the 
Non-parametrlc  Tests  was  Identical  to  That  of  the  Parametric  Tests  Except  Where 
Noted  by  ^ .  In  Which  Case  the  Non-parametrlc  Test  was  Significant  at  p  <  0-001. 

Below — Descriptive  Statistics- 


ANOVA 


Source  of  Variation 

o 

SS 

MS 

F 

KW 

Significance 

Among 

6 

2,309,575 

384,929 

6-905 

46.228 

0-001 

>  P 

Between  Controls 

1 

818,101 

818,101 

14.675 

7.000 

0-001 

>  P 

Among  Contaminants 

442,858 

110,715 

1.986 

28-695 

NS1 

Controls  vs-  Contao- 

1 

969,995 

969,995 

17.399 

20.516 

0.001 

>  P 

Within 

63 

3,512.166 

55,749 

Total 

69 

5,821,741 

84,373 

Fmax  test  of  homoscedast lclty 

=  Fmax  -  27 

,996-4; 

DF  -  9,6; 

P  <<  0-001- 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Controls 

Wellington  A 

563-100 

10 

126,725-322 

112-584 

Wellington  B 

158-600 

10 

24,672.711 

49.672 

Contaminated 

Lake  Mary 

118-200 

10 

4,548-622 

21.327 

Cun  Club 

258-900 

10 

224,278-989 

149.759 

Lake  Derby 

2-700 

10 

8-011 

0-895 

Ladora 

9-700 

10 

83-344 

2-887 

North  Bay 

60- 100 

10 

9,896-767 

31-459 

DF  »  Degrees  of  Freedom 
SS  -  Sum  of  Squares 
MS  »  Mean  Square 
F  -  F  Value 

KW  «  Test  Statistic  From  a  Kruskal-Wal 1  is  One  Way  ANOVA  by  Ranks 
N  »  Sample  Size 

Source:  ESE,  1988 
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Table  B.2-2.  Statistical  Results  of  Parametric  and  Non-Parametrlc  Analyses  for  Snail 
Density.  1937. 

Above — One  Way  ANOVA  and  Orthogonal  A  Eriari  Comparisons  of  Snail  Density  Among  the 
Seven  Treatment  Croups  (NS,  Not  Significant  with  p  .  0-05).  Significance  of  the 
Non-parametrlc  Tests  was  Identical  to  That  of  the  Parametric  Test  Except  Where  Noted 
by  1,  In  Which  Case  the  Non-parametrlc  Test  was  Significant  at  p  <  0-001. 

Below — Descriptive  Statistics. 


.ANQVA _ 


Source  of  Variation 

DF 

SS 

MS 

F 

KW 

Significance 

Among 

6 

1.385,033 

230,839 

15 • 440 

43-798 

0-001  >  p 

Between  Controls 

1 

767,536 

767,536 

51-340 

13-176 

0-001  >  p 

Among  Contaminants 

4 

31.925 

7,981 

0-533 

21.404 

NS1 

Controls  vs-  Contam- 

1 

585,572 

585,572 

39.169 

23.632 

0.001  >  p 

Within 

63 

941 ,872 

14,950 

Total 

69 

2,326,875 

33,722 

Fmax  test  of  homoscedast ic 1 ty : 

Fmax  “  6 

,424-6;  DF 

-  9,6; 

*v 

A 

A 

o 

o 

o 

o 

1 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Controls 

Wellington  A 

428-100 

10 

80,237.211 

89.575 

Wellington  B 

36-300 

10 

434.011 

6-588 

Contaminated 

Lake  Mary 

43-000 

10 

5,417.333 

23-275 

Gun  Club 

23-300 

10 

424.622 

6-516 

Lake  Derby 

2.600 

10 

12.489 

1-118 

Ladora 

71.800 

10 

17,926-844 

42-340 

North  Bay 

8-100 

10 

199-878 

4-471 

DF  -  Degrees  of  Freedom 
SS  -  Sum  of  Squares 
MS  -  Mean  Square 
F  »  F  Value 

KW  »  Test  Statistic  From  a  Kruskal-Wallls  One  Way  ANOVA  by  Ranks 
N  »  Sample  Size 

Source:  ESE,  1988 
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Table  B.2-3.  Statistical  Results  of  Parametric  and  Non-Parametr 1c  Analyses  for  Total 
Snail  Weight,  1986. 

Above — One-Way  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  Total  Snail  Weight  Among 
the  Seven  Treatment  Groups  (NS,  Not  Significant  with  p  >  0-05).  Significance  of  the 
Non-parametr  1c  Tests  that  Differed  from  that  of  the  ANOVA  are  Indicated  by  Numeric 
Superscripts  (^Indicates  p  <  0.001;  and  3  Indicates  0-01  >  p  >  0-001). 

Below — descriptive  statistics- 


.AHQVA. 


Source  of  Variation 

DF 

SS 

MS 

F 

KW 

Significance 

Among 

6 

106-38 

17.813 

3-605 

49-885 

0.01  >  p 

v  | 

O  1 
•  1 
O  1 
O  ! 
>—  '■ 
KJ| 

Between  Controls 

1 

17.47 

17.466 

3-535 

8.698 

NS2 

Among  Contaminants 

4 

80.80 

20-200 

4-088 

33.665 

0.01  >  p 

>  o.ooi2 

Controls  vs-  Contam. 

1 

7.20 

7.197 

1.457 

14.557 

NS3 

Within 

63 

311-29 

4.941 

Total 

69 

418-17 

6-060 

Fmax  test  of  homoscedast lc lty 

rraax  *  58- 

900-8;  DF  -  9,6; 

P  <<  0.001. 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Cont  rols 

Wellington  A 

2-676 

10 

2-454 

0-495 

Wellington  B 

0.807 

10 

0.729 

0-270 

Contaminated 

Lake  Mary 

1-195 

10 

2.410 

0.491 

Gun  Club 

3-356 

10 

23-903 

1.700 

Lake  Derby 

0-012 

10 

<0-001 

0-004 

Ladora 

0-057 

10 

0-006 

0-025 

North  Bay 

0.205 

10 

0-084 

0-091 

DF  »  Degrees  of  Freedom 
SS  «  Sum  of  Squares 
MS  »  Mean  Square 
F  «  F  Value 

KW  .  Test  Statistic  From  a  Kruskal-Wallls  One  Way  ANOVA  by  Ranks 
N  «  Sample  Size 

Source:  ESE,  1983 
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Table  B-2-4-  Statistical  Results  of  Parametric  and  Non-Parametrlc  Analyses  for 
Total  Snail  Weight.  1987. 


Above — One  Way  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  Total  Snail  Weight 
Among  the  Seven  Treatment  Groups  (NS.  Not  Significant  with  p  >  0-05). 
Significance  of  Non-parametrlc  Tests,  If  Different  from  the  ANOVA,  are  Indicated 
by  Numeric  Superscripts  (^Indicates  0-01  >  p  >  0-001). 

Below — Descriptive  Statistics- 


Source  of  Variation 

DF 

SS 

.AHQ^A _ 

MS 

F 

KW 

Significance 

Among 

6 

31.498 

5-250 

5-199 

38-546 

0-001 

>  P 

Between  Controls 

1 

8-844 

8-844 

15-489 

3-727 

NS 

Among  Contaminants 

4 

1-425 

0-356 

0-623 

14-308 

NS2 

Controls  vs-  Contain- 

1 

21-228 

21-288 

37-177 

28-585 

0-001 

>  P 

Within 

63 

35-951 

0-571 

Total 

69 

67-499 

0-977 

Ftnax  test  of  homoscedast  1c  1  ty 

Fmax  ”  1 ’ 

100-0!  DF 

-  9,6;  P 

<<  0-001- 

Treatment 

Mean 

N 

Variance 

Standard  Er 

Controls 

Wellington  A 

2-160 

10 

2-200 

0-469 

Wellington  B 

0-830 

10 

0-256 

0-160 

Contaminated 

Lake  Mary 

0-130 

10 

0-013 

0-037 

Gun  Club 

0-410 

10 

0-188 

0-137 

Lake  Derby 

0-C20 

10 

0-002 

0-013 

Ladora 

0-4  00 

10 

0-472 

0-207 

North  Bay 

0-380 

10 

0-831 

0  •  288 

DF  »  Degrees  of  Freedom 
SS  -  Sum  of  Squares 
MS  «  Mean  Square 
F  -  F  Value 

KW  .  Test  Statistics  a  Xruskal-Wall  is  One  Way  ANOVA  by  Ranks 
N  -  Sample  Size 

Source:  ESE,  1983 
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o  Weight  1986 — The  significant  differences  among  the  seven  sites  were.  In 
part,  affected  by  differences  between  controls,  differences  among  the 
contaminated  sites,  and  differences  between 

controls  as  a  group  and  contaminated  sites  as  a  group  (Table  B-2-3). 
Although  the  covarlates  significantly  affected  total  snail  weight, 
similar  differences  among  sites  persisted  In  the  ANOVA  by  ranks  on 
the  residuals  without  exception. 

o  Weight  1987 — The  significant  differences  among  the  seven  sites 
were,  In  part,  affected  by  differences  among  the  contaminated 
sites,  and  differences  between  controls  as  a  group  and 
contaminated  sites  as  a  group  (Table  B-2-4),  Although  the 
covarlates  significantly  affected  total  snail  weight,  similar 
differences  among  sites  persisted  in  the  ANOVA  by  ranks  on  the 
residuals,  with  the  exception  that  an  additional  difference 
between  controls  was  revealed- 

2  •  3  GRASSHQEEEE.DEHSm 
Rationale 

Mean  grasshopper  densities  were  estimated  from  counts  derived  from  three 
groups:  onpost  controls  (N  »  10),  of (post  controls  (  N  »  26),  and 
contaminated  sites  (N  -  21).  Although  Bartlett’s  Test  Indicated  significant 
heterogeneity  among  group  variances  using  unt ransforraed  (X^  «  77. <<20; 

DF  -  2 :  p  >>  005)  or  square  root  transformed  data  (X^  «  27.980:  DF  -  2; 
p  >>  0-05),  the  ANOVA  Is  robust  with  respect  to  heteroscedastlclty .  A 
logical  sequence  of  a  priori  comparisons  [comparing  onpost  and  offpost 
controls,  then  comparing  combined  controls  (both  onpost  and  offpost)  to  the 
contaminated  site]  were  then  conducted  as  well.  Because  of  the  high  degree 
of  heteroscedastlclty,  parallel  non-parametrlc  analyses  were  calculated  as  a 
fall  safe  measure-  If  parametric  and  non-parametrlc  results  agree,  then  one 
can  be  confident  of  the  statistical  interpretations,  regardless  of  the 
Inherent  assumptions  of  the  two  kinds  of  analyses. 

Differences  In  time  of  day,  temperature,  and  floral  characteristics  (height 
and  density)  associated  with  each  of  the  quadrats  could  have  a  confounding 
affect  on  grasshopper  density  beyond  that  directly  associated  with  the 


B-33 


C-RMA-09D/BIORIRPT ■ APB • 34 
5/2/89 


statistical  treatments  described  above-  The  effect  of  all  four  of  these 
variables  were  statistically  removed  via  multiple  regression  analysis,  and 
the  residual  variation  subjected  to  analyses  that  were  analogous  to  those 
described  above- 

Results 

Table  B-2-5  contains  the  results  of  parametric  and  non-parametrlc  ANOVA,  a 
priori  tests,  and  descriptive  statistics  on  the  untransformed  data; 

Table  B-2-6  contains  the  results  of  the  multiple  regression  analysis,  as 
well  as  the  parametric  and  non-parametrlc  ANOVA  and  a  priori  tests  on  the 
residuals  from  the  multiple  regression  analysis- 

Remarks 

The  overall  ANOVA,  as  well  as  each  of  the  a  priori  comparisons,  were  non¬ 
significant,  Indicating  a  lack  of  treatment  effect  on  mean  grasshopper 
density  for  the  untransformed  data  as  well  as  the  residuals.  The 
differences  In  degrees  of  freedom  between  analyses  of  untransformed  data  and 
residuals  occurs  because  floral  characteristics  were  not  available  for  all 
the  data,  effectively  reducing  sample  sizes  for  analyses  Involving  the 
residuals  from  the  multiple  regression  analysis- 

2  -  A  EARIHHQRiLDENSm 
Rationale 

Estimates  of  worm  density  from  three  sites  (Barr  Lake  Control,  N-4 ;  Section  5 
Control,  N-5;  and  South  Plant  Contaminated,  N»5)  were  statistically  compared 
using  a  hierarchical  set  of  orthogonal  comparisons  via  the  ANOVA  (and  a 
priori  comparisons)  as  well  as  via  non-parametrlc  Kruskal-Wall Is  one  way 
ANOVA  by  ranks-  Controls  were  first  compared  to  each  other,  then  the 
controls  as  a  group  were  compared  s Imul taneously •  Although  the  parametric 
tests  are  robust  with  respect  to  moderate  deviations  from  homoscedast Ic 1 ty , 
Bartlett's  Test  Indicated  he t e roscedas t l c i t y  (p  <  0-05),  and  the  non- 
parametrlc  tests  were  conducted  to  validate  the  results  of  the  ANOVA. 

Results 

Table  3-2-7  contains  the  result  of  all  statistical  analyses- 
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Table  B-2-5-  Statistical  Analysis  of  Grasshopper  Density. 

Above — One  Way  ANOVA  and  Orthogonal  A  Erioci  Comparisons  of  Grasshopper  Density 
Among  the  Three  Treatment  Groups-  Statistical  Results  are  Identical  for  Both 
Parametric  and  Non-parametrlc  Tests- 


Below — Descriptive  Statistics- 


Source  of  Variation 

DF 

_ AUOVA  _ 

SS  MS 

F 

KW 

Slgnlf lcance 

Among 

2 

701-4 

350.73 

3.00 

3-168 

NS 

Between  Controls 

1 

430.7 

430-68 

3-69 

0-844 

NS 

Controls  vs-  Contam- 

1 

270-8 

270.78 

2.32 

1.779 

NS 

Within 

5  4 

6,304.7 

116.75 

Total 

56 

7,006-1 

125.11 

Bartlett's  test  of  homoscedastlclty: 

-  77-420: 

DF  -  2: 

P  >  0-05- 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Control 

1.524 

21 

4.262 

0-450 

Contaminated 

Onpost 

8-923 

26 

247.274 

3-084 

Of f post 

2-800 

10 

4.178 

0-646 

KW  «  Test  Statistic  From  Kruskal-Wali Is  One  Way  ANOVA  by  Ranks 

NS  «  Not  Significant  with  p  >  0-05 

N  »  Sample  Size 

DF  «  Degrees  of  Freedom 

SS  -  Sum  of  Squares 

MS  -  Mean  Square 

F  »  F  Value 

Source:  ESE.  1988 
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Table  B.2-6.  Multiple  Regression  Analysis  of  Grasshopper  Density  and  Analysis  of 
Residuals  From  the  Multiple  Regression  Analysis- 

Above  —  Multiple  Regression  Analysis  of  Grasshopper  Density  as  a  Function  of 
Time,  Temperature,  Vegetation  Height,  and  Vegetation  Density  (»  Model)-  Multiple 
R^  of  the  Model  was  Low  (0128);  Simple  Correlations  with  Grasshopper  Density  by 
Time,  Temperature,  Vegetation  Height,  and  Vegetation  Height  were  0-007,  0-064, 
-0-070,  -0-343,  Respectively- 


Below  —  One  Way  ANOVA  and  Orthogonal  A  Priori  Comparisons  of  Grasshopper  Density 
Among  the  Three  Treatment  Groups-  Statistical  Results  ara  Identical  for 
Both  Parametric  and  Non-parametr 1c  Tests. 


Source  of  Variation 

DF 

SS 

MS 

F 

Significance 

Model 

4 

766-3 

191.58 

1-32 

NS 

Error 

36 

5228-5 

145-24 

Total 

40 

5994.8 

H-* 

CD 

Source  of  Variation 

DF 

SS 

_AHQVA _ 

MS 

F 

KW 

Significance 

Among 

2 

575-3 

287.67 

2-35 

1-877 

NS 

Between  controls 

1 

202-0 

202-03 

1-65 

0-314 

NS 

Controls  vs-  Contams- 

1 

373-3 

373-31 

3-05 

1-590 

NS 

Within 

38 

4653-2 

122-45 

Total 

40 

5223-5 

130-71 

KW  •  Test  Statistic  From  Kcuskal-Wal 1  is  One  Way  ANOVA  by  Ranks 

NS  »  Not  Significant  with  p  >  0-05 

N  ■  Sample  Size 

DF  »  Degrees  of  Freedom 

SS  »  Sum  of  Squares 

MS  -  Mean  Square 

F  -  F  Value 

Source:  ESE,  1983  - 
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Table  B-2-7.  Statistical  Analysis  of  Earthworm  Density 

Above  —  One  Way  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  Worm  Density  Among 
the  Three  Treatment  Croups-  Statistical  Results  of  the  More  Conservative  Non- 
parametrlc  Tests  are  Reported  (Significance  of  the  Parametric  Analyses  was 
Consistently  Less  than  0-001)- 


Below — Descriptive  Statlstlcs- 


Source  of 

Var lat Ion 

DF 

AiiQVA _  . 

SS  MS 

F 

KW 

Significance 

Among 

2 

9,181-0  ‘ 

.,590-50 

42-14 

9-861 

0-01  >  p  >  0-001 

Between 

Controls 

1 

6,360-6  6,360-56 

58-41 

6-050 

0-01  >  p  >  0-001 

Control 

vs-  Contams- 

1 

2,820-5  ; 

>.830-46 

25-90 

4-049 

0-05  >  p  >  0-01 

Within 

11 

1198-2 

108-93 

Total 

13 

10379.2 

798  - A0 

Bartlett's  Test  of  Honoscedast Iclty :  X2  »  8-691:  DF  «  2;  0-01  <  p  <  0-05- 


Treatment 

Mean 

N 

Variance 

Standard  Error 

Contaminated 

2-600 

5 

33-800 

2-600 

Control 

Barr 

2-500 

4 

9-000 

1-500 

Section  5 

56-000 

5 

259-000 

7.197 

KW  m  Test  Statistics  From  Kruskal-Wallls  One  Way  ANOVA  by  Ranks 

NS  -  Not  Significant  with  p  >  0-05 

N  ■  Sample  Size 

DF  «  Degrees  of  Freedom 

SS  -  Sum  of  Squares 

MS  »  Mean  Squz. a 

F  -  F  Value 

Source:  ESE,  1983- 
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Repacks 

Results  of  non-parametrlc  and  parametric  tests  were  In  agreement  for  all 
analyses.  The  overall  significant  differences  among  groups  were  further 
resolved  In  that  the  two  controls  differed  from  each  other>  and  that  despite 
this  difference,  the  combined  control  group  was  different  from  the 
contaminated  site- 

2  •  5  ACmLCHQLINESimS£_LACh£l_ACimn 

2-5.1  PRAIRIE  DCCS 

Rationale 

Specimens  were  obtained  from  four  locales  (Sections  36,  31.  onpost  control 
and  offpost  control),  each  of  which  constitutes  a  statistical  treatment 
group.  Sections  36  and  31  are  contaminated  sites  whereas  onpost  and  offpost 
controls  represent  sites  without  direct  evidence  of  contamination.  One  way 
analysis  of  variance  (ANOVA)  was  conducted  to  evaluate  the  existence  of  mean 
treatment  effects  among  the  four  groups-  More  powerful  a  priori  tests  were 
conducted  to  compare  the  two  controls  to  each  other,  the  two  contaminated 
sites  to  each  other,  and  the  combined  control  sites  to  the  combined 
contaminated  sites-  Although  the  ANOVA  and  a  priori  tests  were  relatively 
robust  with  respect  to  Inequality  of  variances  (heteroscedastlclty)  for  the 
statistical  treatment  groups,  many  a  posteriori  test  are  quite  sensitive  to 
deviations  from  homoscedas t lc 1 t y .  Bartlett's  Test  (Sokal  and  Rohlf,  1981), 
Indicated  that  variances  were , homoscedast lc  (X‘  ■  5-168,  DF  -  3,  p  <  0-05), 
hence  the  SNK  test  was  used  to  make  all  possible  comparisons  among  treatment 
groups-  Although  less  powerful  than  either  ANOVA  or  a  priori  tests,  the  SNK 
test  does  facilitate  particular  pair-wise  comparisons  that  the  other  two 
analyses  cannot  evaluate- 


Results 

Table  8-2-8  contains  the  descriptive  statistics  and  results  of  the  ANOVA, 
orthogonal  a  priori  tests,  and  a  posteriori  results  from  the  SNK  test. 

Remarks 

The  ANOVA  clearly  detected  the  existence  of  at  least  one  group  with  a  mean 
level  of  AChE  that  differed  from  the  others  (p  <  0-01).  Moreover,  the  a 
priori  tests  detected  significant  differences  between  the  two  control  sites 
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Table  B-2-8-  Statistical  Analysis  of  AChE  Activity  In  Prairie  Dogs- 

Above — One  Way  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  AChE  Activity  Among 
Four  Treatment  Croups- 


Below — Descriptive  Statistics  and  Results  of  A  Eosleriari  Comparisons  Using  the 
Student-Neuman-Kuel ' s  Test;  Treatment  Means  with  Identical  Letter  Superscripts  are 
Statistically  Indistinguishable  at  the  0-05  Level  of  Significance- 


Source  of  Variation 

DF 

SS 

MS 

F 

Significance 

Among 

3 

104.  -  3 

34-78 

6-48 

0-01 

> 

P 

> 

0-001 

Sites  36  versus  31 

1 

32-9 

32-89 

6-12 

0-05 

> 

P 

> 

0-01 

Control  Onpost  vs-  Off post 

1 

26-7 

26-73 

4.98 

0-05 

> 

P 

> 

0-01 

Control  vs-  Contain. 

1 

44-7 

44-72 

8-32 

001 

> 

P 

> 

0-001 

Within 

35 

187-8 

5-37 

Total 

38 

292-2 

7.69 

Bartlett's  test  of  homoscedast 1c 1 ty : 

X2  -  5- 

-636;  DF  - 

3;  P  > 

0.05. 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Contaminated 

Section  31 

10.6903 

5 

2.304 

0-679 

Section  36 

13-678a’b 

14 

3.870 

0-526 

Control 

Onpost 

14 . 090a  ’  b 

12 

3-901 

0-570 

Of f post 

16-450b 

8 

12.200 

1-235 

N  «  Sample  SLze 
DF  «  Degrees  of  Freedom 
SS  »  Sum  of  Squares 
MS  -  Mean  Square 
F  •  F  Value 

Source :  ESE ,  1988 
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(p  <  0-05).  between  the  two  contaminated  sections  (p  <  0.05) >  and  between 
control  sites  as  a  group  and  contaminated  sections  as  a  group  (p  <  0-01). 

The  only  additional  information  provided  by  the  results  of  SNK  Test  is  that 
prairie  dogs  from  contaminated  Section  31  and  the  offsite  control  exhibited 
statistically  different  levels  of  AChE  as  well- 

2-5.2  COTTONTAIL  RABBITS 

Rationale 

AChE  activity  in  rabbits  was  evaluated  from  four  sites-  The  sample  size 
from  Section  35  was  too  small  (N  «  1)  for  statistical  analyses  and  was 
combined  with  data  from  Section  36  (N  ■  7)  to  constitute  the  contaminated 
group  (N  -  8).  Sample  sizes  from  onpost  and  offpost  control  sites  were 
sufficiently  large  (onpost,  N  -  11;  offpost,  N  »  8)  for  statistical 
purposes,  and  together  with  the  contaminated  site,  constituted  the  three 
treatment  groups-  One  way  ANOVA  was  conducted  to  evaluate  the  existence  of 
mean  treatment  effects  among  the  three  groups-  More  powerful  a  priori  tests 
were  conducted  to  compare  the  two  controls  to  each  other,  and  the  combined 
control  sites  to  the  contaminated  sites-  A  posteriori  tests  were  not 
performed  on  the  data  because  the  more  powerful  ANOVA  failed  to  detect 
significant  differences  among  groups- 

Results 

Table  B-2-9  contains  the  descriptive  statistics,  the  result  of  Bartlett's 
Test,  and  results  of  the  ANOVA  and  orthogonal  a  priori  tests- 

Remarks 

Both  the  ANOVA  and  a  priori  comparisons  failed  to  detect  any  mean 
differences  among  treatment  groups- 

2-5-3  MALLARDS 

Rationale 

AChE  activity  in  mallards  was  evaluated  from  two  sites-  The  samples  from 
all  contaminated  sites  were  combined  as  a  single  group  (N  »  9)  and  compared 
to  those  from  the  offpost  control  (N  »  6)  via  a  or.e  way  ANOVA-  Neither  a 
priori  nor  a  posteriori  tests  were  conducted  because  the  number  of  groups 
equalled  two- 
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Table  B-2-9.  Statistical  Analysis  of  AChE  Activity  In  Cottontail  Rabbits 

Above — One  Way  ANOVA  and  Orthogonal  A  Eciorl  Comparisons  of  AChE  Activity  Among  3 
Treatment  Croups. 


Below — Descriptive  Statistics^ 

i  SNK  Tests 

were  not 

Conducted 

Because  the  Overall 

Results  of  the  ANOVA  were 

not 

Significant 

* 

Source  of  Variation 

DF 

SS 

MS 

F 

Significance 

Among 

2 

2.48 

1.24 

1.10 

NS 

Control  Onpost  vs  Offpost 

1 

2-48 

2.48 

1.10 

NS 

Control  vs  Contain. 

1 

0-00 

0.00 

0.00 

NS 

Within 

19 

21.40 

1.13 

Total 

21 

23.88 

1.14 

Bartlett's  test  of  homoscedast lc It y :  -  1 . 575;  DF  -  2 ;  P  >  0-05- 


Treatment 

Mean 

N 

Variance 

Standard  Error 

Contaminated 

11.248 

8 

0.757 

0.308 

Control 

Onpost 

11.733 

6 

1.958 

0.571 

Offpost 

10.882 

8 

0.901 

0.336 

NS  »  Not  Significant  with  p  >  0.05 

N  -  Sample  Size 

DF  »  Degrees  of  Freedom 

SS  -  Sum  of  Squares 

MS  ■  Mean  Square 

F  »  F  Value 

Source:  ESE.  1988. 
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Results 

Table  B-2-10  contains  the  result  of  the  ANOVA  as  well  as  descriptive 
statist  les • 


Remarks 

The  ANOVA  Indicated  that  evidence  for  mean  differences  between  contaminated 
and  control  groups  was  not  present  In  the  data,  the  low  degrees  of  freedom 
(V  -  1.13)  combined  with  the  level  of  significance  (p  «  0-149)  suggest  that 
with  larger  samples  sizes,  true  differences  might  be  forthcoming. 

2-5-4  PHEASANTS 
Rationale 

AChE  activity  In  pheasants  was  evaluated  from  two  sites-  The  samples  from 
all  contaminated  sites  were  combined  as  a  single  group  (N  »  6)  and  compared 
to  those  from  the  offpost  control  (n  »  7)  via  a  one-way  ANOVA-  Neither  a 
priori  nor  a  posteriori  tests  were  conducted  because  the  number  of  groups 
equalled  two- 

Results 

Table  B-2-11  contains  the  result  of  Bartlett's  Test  for  homogeneity  of 
variances,  the  ANOVA,  and  descriptive  statistics- 

Remarks 

The  ANOVA  Indicated  that  evidence  for 
and  control  groups  was  not  present  in 

2-6  miSI£_BCC_fl£HSm 
Rationale 

Counts  of  prairie  dog  density  form  a  total  of  six  different  treatment  groups 
constitute  the  data  In  general,  two  Independent  factors  ( season--summer 
and  winter:  as  well  as  treatment--cor.tamlnated  and  control)  describe  each 
treatment  group:  however,  the  sections  that  constituted  the  contaminated 
groups  were  not  the  sane  In  both  seasons-  As  a  result,  two-way  ANOVA  could 
not  be  performed-  Nonetheless,  a  one  way  ANOVA  with  a  priori  contrasts, 
designed  to  take  Into  account  season  and  contamination  status,  provided  a 
powerful  method  of  detecting  differences  among  groups-  The  first  level  of 


a  mean  difference  between  contaminated 
the  data- 
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Table  B-2-10.  Statistical  Analysis  of  AChE  Activity  in  Hallards- 

Above — One  Way  ANOVA  of  AChE  Activity  Between  Two  Treatment  Croups  (control  versus 
contaminated  sites). 

Below — Descriptive  Statistics. 


Source  of 

Variation  DF 

SS 

MS  F  Significance 

Among 

1 

6-37 

6-37  1.99  NS 

Within 

13 

41.56 

3-20 

Total 

14 

47.93 

3.42 

Bartlett ' 

s  test  of  homoscedastlclty:  X? 

-  0.480:  DF  -  1;  P  >  0-05- 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Contaminated 

14.836 

9 

3.845 

0-654 

Control 

13-505 

6 

2.160 

0-600 

NS  -  Not  Significant  with  p  >  0-05 

N  «  Sample  Size 

DF  •  Degrees  of  Freedom 

SS  »  Sum  of  Squares 

MS  -  Mean  Square 

F  «  F  Value 


3 


Source : 


ESE.  1988. 
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Table  B.2-11.  Statistical  Analyses  of  AChE  Activity  In  Pheasants 

Above — One  Way  ANOVA  of  AChE  Activity  Between  Two  Treatment  Croups  (control  versus 
contaminated  sites). 

Below — Descriptive  Statistics- 


Source  of 

Variation  DF 

SS 

MS  F  Significance 

Among 

1 

5-32 

5.32  0.70  NS 

Within 

11 

84-02 

7.64 

Total 

12 

89-34 

4.45 

Bartlett '  s 

test  of  homoscedast iclty :  a 

1.914:  DF  -  1:  P  >  0-05. 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Contaminated 

21.765 

6 

12-340 

1.434 

Control 

23-079 

7 

3-720 

0.729 

NS  -  Not  Significant  with  p  >  005 

N  •  Sample  Size 

DF  a  Degrees  of  Freedom 

SS  ■  Sum  of  Squares 

MS  «  Mean  Square 

F  -  F  Value 

Source:  ESE.  1988- 
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the  hierarchical  division  of  groups  Is  between  summer  and  winter  census 
data-  Within  wlnteri  combined  controls  (west  and  east)  were  compared  to 
central  sites  (contaminated  Plot  21  and  22  plus  uncontamlnated  but  adjacent, 
Plot  2k  and  23).  Within  winter  controls,  east  and  west  were  compared  to 
each  other.  Within  summer,  Plots  1,  k,  13,  8,  and  9,  as  a  group  (Others) 
were  compared  to  combined  controls  (east  and  west).  Subsequently,  east 
control  and  west  control  sections  were  compared  to  each  other. 

Results 

Table  8-2-12  contains  the  results  of  tho  ANOVA,  orthogonal  a  priori 
contrasts,  and  descriptive  statistics- 

Remarks 

Bartlett's  Test  Indicated  that  the  variances  of  the  treatment  groups  were 
homoscedast lc -  Although  the  ANOVA  suggested  no  significant  differences 
among  the  six  treatment  groups,  the  more  powerful  a  priori  tests  were 
conducted  as  described  In  the  rationale  above.  Nonetheless,  none  of  the 
orthogonal  comparisons  yielded  significant  differences,  Indicating  that  mean 
prairie  dog  densities  did  not  differ  among  the  six  sites  to  any  detectable 
degree  beyond  chance  expectations-  A  posteriori  tests  were  not  conducted 
because  they  would  be  less  powerful  than  the  ANOVA  (which  did  not  detect  any 
mean  group  differences). 

2 • 7  AM£RICAN_KESTR£l_SIUDi 
Rationaie 

American  kestrel  nesting  success  was  compared  between  sites  (control  vs  RMA) 
and  among  years  (1982  vs  1983  vs  1986)-  Four  factors  (clutch  sice, 
hatchlings  per  nest,  fledgling  per  successful  nest,  and  fledgling  per  all 
nests)  were  tested-  Both  parametric  and  non-parametrlc  statistics  were 
performed • 

Results 

Table  B-2-13  contains  the  results  of  the  ANOVA,  Kruskal-Wal  1  Is  ANOVA,  and  a 
priori  contrasts- 
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Table  B -  2  —  1 2  -  Statistical  Analysts  of  Prairie  Dog  Density. 

Above — One  Way  ANOVA  and  Orthogonal  A  Eriori  Comparisons  of  Prairie  Dog  Density 
Among  Six  Treatment  Groups 

Below — Descriptive  Statistics- 


Source  of  Variation 

DF 

SS 

MS 

F 

Significance 

Among 

5 

745.6 

149.11 

1.09 

NS 

Summer  vs  Winter 

2 

124.2 

124.22 

0.91 

NS 

Summer 

Control  E  vs  W 

1 

387.4 

387.36 

2.84 

NS 

Control  vs  Others 

i 

23-8 

23-82 

0. 18 

NS 

Winter 

Control  E  vs  W 

1 

50-0 

50.00 

0-37 

NS 

Control  vs  Central 

1 

160-2 

160.17 

1.174 

NS 

Within 

25 

3,410-3 

136.41 

Tota  1 

30 

4,155-9 

138.53 

Bartlett's  test  of  horooscedas t lc 1 t y : 

-  4.354: 

DF  -  5: 

P  >  0.05. 

Treatment 

Mean 

N 

Variance 

Standard  Error 

Summer 

Others 

17.600 

5 

197.300 

6.282 

Cont  rol 

E 

16.222 

9 

65-694 

2.702 

Control 

w 

27.200 

5 

123.700 

4-974 

Winter 

Central 

28.750 

4 

60-917 

3-902 

Control 

E 

18.500 

4 

169-667 

6-513 

Control 

w 

23-500 

4 

303-000 

8.703 

NS  -  Not  Significant  with  p  >  005 

N  -  Sample  Size 

DF  -  Degrees  of  Freedom 

SS  «  Sum  of  Squares 

MS  -  Mean  Square 

F  -  F  Value 

Source:  ESE,  1988- 
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Table  B . 2  —  1 3 *  Statistical  Analysis  of  American  Kestrel  Nesting  Success- 


Analysis/Kestrel 

Clutch 

Size 

Hatchl lng 
Per  Nest 

Fledgling  per 
Success  Nest 

Fledgling  per 

All  Nest 

ANOVA: 

Source 

Between  Sites  (S) 

NS 

NS 

NS 

€ 

Among  Gores  (Y) 

NS 

★ 

NS 

•kit 

S  x  Y 

NS 

NS 

NS 

NS 

A  priori  (PARAMETRIC) 

82-Control  vs-  RMA 

NS 

NS 

NS 

NS 

83-Control  vs-  RMA 

NS 

NS 

NS 

★ 

86  Control  vs-  RMA 

NS 

NS 

NS 

NS 

82  vs-  83  vs-  86 

NS 

* 

NS 

it 

K-W  ANOVA:  Source 

Among  slte-yr  combos 

NS 

0 

NS 

it 

A  priori  (NONPARAMETRIC) 

82-Control  vs-  RMA 

NS 

NS 

NS 

NS 

83-Control  vs-  RMA 

NS 

NS 

NS 

it 

86  Control  vs-  RMA 

NS 

NS 

NS 

NS 

82  vs-  83  vs-  86 

NS 

it 

NS 

it 

NS  -  Not  Significant- 
*  -  p<0-05- 

**  »  p<0-01 

@  »  Near  Significant  (0- 100>p>0-050) 
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3.0  STATISTICAL  ANALYSES  FOR  AQUATIC  CONTAMINANTS 

3 • 1  RATIONALE 

The  objectives  of  the  RMA  aquatic  biota  Invest igat  ions  in  1986  were  to  test 
for  contaminant  differences  among  RMA  lakes,  among  aquatic  species,  and 
among  tissue  types  within  species-  In  1988,  objectives  were  similar  except 
that  samples  were  taken  from  only  one  RMA  lake,  Lower  Derby  Lake,  and 
compared  with  samples  taken  from  one  offsite  lake,  HcKay  Lake-  Lower  Derby 
Lake  was  chosen  as  representative  of  RMA  lakes  based  on  the  findings  of  the 
1986  studies- 

Two  approaches  were  used  in  the  statistical  analyses  of  the  aquatic  data- 
The  first  emphasized  comparing  differences  among  lakes  and  among  fish 
species  using  strictly  orthogonal  (i-e-,  non-overlapping)  data  sets-  These 
tests  are  referred  to  in  the  text  as  "primary  tests-'  The  second  approach 
focused  upon  exploring  for  differences  among  many  combinations  of  lakes, 
species,  and  tissue  types-  To  accomplish  this,  numerous  pair-wise 
comparisons  were  performed.  These  tests  are  referred  to  in  the  text  as 
"secondary  tests-"  Problems  with  the  second  approach  involved  smaller 
sample  sizes  and  a  lack  of  Independence  among  some  tests-  As  an  example  of 
the  latter,  data  for  fillets  and  remains  of  bass  in  McKay  Lake  (1988)  were 
used  both  for  comparisons  between  McKay  Lake  and  Lower  Derby  Lake,  and 
between  fillets  and  remains  within  McKay  Lake- 

A  nonpa rame t r i c  approach  was  used  as  the  principal  basis  for  assessing 
statistical  differences  because  of  the  greater  generality  provided  by 
nonpa rame t r  1  c  test  (compared  to  parametric  tests)  and; 

o  To  avoid  problems  of  well-documented  he t eroscedas t ic 1 ty  in  the 

data  (Including  where  treatment  cells  have  zero  variance  because 
all  samples  are  below  the  CR.L): 

o  To  avoid  questions  of  assignment  of  numerical  values  to  below  CRL 
situations  which  could  Introduce  bias  In  parametric  tests  but  not 
in  nonparametr ic  tests  based  on  ranks  (l-e-,  all  below  CRL  values 
would  be  tied  at  the  lowest  rank  in  KW  tests);  and 
o  To  avoid  criticism  of  treatment  cells  which  appear  markedly  non- 
no  rraa  1  • 
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In  the  majority  of  cases  (13  of  16  tests)  the  data  were  either 
heteroscedast lc  (p  <  0-05)  or  a  treatment  cell  had  zero  variance. 
Horaoscedastlclty  was  observed  In  three  cases,  but  the  power  was  low  due  to 
the  small  sample  sizes-  Although  primary  tests  comprise  both  parametric  and 
nonparametrlc  approaches,  consistently  significant  heteroscedastlclty , 
treatment  cells  with  zero  variance,  and  small  sample  sizes  with  non-normal 
appearing  distributions  argue  for  reliance  on  the  nonparametrlc  results- 
The  Kruskal-Wall Is  nonparametrlc  ANOVA  has  a  95k  asymptotic  power  efficiency 
compared  to  the  parametric  test  (when  Its  assumptions  are  valid),  and  the 
levels  of  significance  for  both  approaches  are  similar  throughout.  As  a 
result,  "primary  tests"  hereafter  only  refer  to  the  nonparametrlc  results- 

In  addition,  both  the  90  percent  and  95  percent  rejection  levels  were 
considered  when  Interpreting  the  results-  The  95  percent  level  (p  <  0-05) 

Is  referred  to  in  this  report  as  being  "significant,"  while  the  90  percent 
level  (0-05  <  p  <  0-1)  Is  said  to  be  "approaching  significance."  Fmax  tests 
of  homoscedast Iclty  were  performed  for  all  analyses- 

3-2  R£SULIS_AflD_DISCUSSlQH 

Descriptive  statistics  (mean,  standard  error,  and  sample  size)  for  all  tests 
rejecting  null  hypotheses  are  shown  In  Table  B-3-1-  Tables  B-3-2  through 
8-3-8  present  primary  tests,  Including  significant  and  nonsignificant 
results-  Tables  8-3-9  through  B -  3—11  present  secondary  tests,  for 
significant  results  only-  Tables  B -  3—12  through  8-3-H  present  additional 
secondary  tests  with  only  nonsignificant  results- 

Sample  sizes  of  the  treatment  groups  varied  from  two  to  six:  as  a  result, 
statistical  power  was  low.  Large  group  differences  are  required  to  produce 
significant  analyses-  In  many  cases,  a  lack,  of  significance  may  be  an 
artifact  of  sample  size  rather  than  an  indicator  of  no  treatment  effect. 
Inconsistent  (or  nonparallel)  data  collection  between  levels  of  the  possible 
treatment  factors  (years,  lakes,  species,  tissues)  also  prevents  many 
questions  concerning  the  effects  of  contamination  from  being  answered  In  a 
satisfactory  manner. 
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T  ,  ,p  b  3  1  Descriptive  statistics  (mean,  standard  error,  and  sample  size)  for 

B.  «.!«..  ."J  C.  BBB)  l»volv,d  U  P,.vlo„ 

analyses . 


BLUECILl 


LARCEMOUTH  BASS 


NORTHERN  PIKE 


WHOLE  REMAIN  FILLET  WHOLE  REMAIN  FILLET  WHOLE  REMAIN  FILLET 


A-  MERCURY 

nEsax-iiaafii 

MEAN  0-050 

S.E.  0000 

N  3 

LADQ&A-I12863 

MEAN  0-084 

S.E.  0020 

N  2 


MASY-I12851 


0-074 

0-014 

6 


0-083 

0-016 

3 


0.054 

0-004 

3 


0-182 

0-049 

3 


0  074 
0-015 
3 


0-075 
0  025 
2 


0-406 

0.064 

3 


0-330 

0-040 

3 


D£B£I_112aai 


0-063 

0-007 

6 


0-250 

0-025 

5 


0.359 
0  062 
5 


Hcm-iisaai 


0.050  0.109 
0-000  0-022 
2  5 


o.  188 

0-030 

5 


0-084 

0-011 

5 


0-152 

0-023 

5 
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Table  B-3-1  (continued) 


LAKE 


BLUEGILL  LARCEMOUTH  BASS  NORTHERN  PIKE 


WHOLE  REMAIN  FILLET  WHOLE  REMAIN  FILLET  WHOLE  REMAIN  FILLET 


B.  DIELDRIN 


DERBI_il2861 


MEAN  0.149 

S  -  E  •  0-006 

N  3 


0.077 

0-024 

3 


0.031 

0-000 

3 


LAMSA-USafid 


MEAN  0-100 
S.E-  0-027 
N  3 


0-032 

0-001 

3 


0.038 

0-007 

2 


BASY-Osaai 


MEAN 

S.E. 

N 


0-088 

0-019 

6 


0-034 

0-003 

3 


0-059 
0  028 
3 


0.031 

0-000 

2 


B£SBI_I12821 

MEAN  0.070 
S.E-  0.016 
N  6 


0-375  0.486  0-218 
0-097  0-132  0-060 
5  5  5 


MCKAi_ii2aai 


MEAN  0-031  0-031  0-031 
S-E.  0-000  0-000  0.000 
N  2  5  5 


0-031  0.031 
0-000  0.000 
5  5 
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Table  8-3-1  (continued) 


LAKE 

BLUECILL 

LARCEMOUTH 

BASS 

NORTHERN  PIKE 

WHOLE 

REMAIN 

FILLET 

WHOLE 

REMAIN 

FILLET 

WHOLE  REMAIN  FILLET 

C-  DDE 

C£BBX_112aai 

MEAN  0-094 

0-593 

0-329 

S-E-  0-000 

0-152 

0-101 

N  6 

5 

5 

MCKAi.uaaai 

MEAN  0-094 

0-094 

0-094 

0-094 

0-094 

S-E-  0-000 

0-000 

0-000 

0-000 

0-000 

N  2 

5 

5 

5 

5 

D.  ALDRIN2 

D£&Ei_a2a3i 

MEAN  0-020 

0-020 

0-033 

0-005 

S-E-  0-000 

0-006 

0-005 

N  5 

1 

5 

5 

Mcui_Li2aajt 

MEAN  0-020 

0-020 

0-020 

0-020 

0-020 

S-E.  0-000 

0-000 

0-000 

0-000 

0-000 

N  2 

5 

5 

5 

5 

*  Values  for  whole  tissue  samples  of  Mercury  In  1988  for  Bass  In  Lake  McKay,  and 
Bluegill  In  Lake  McKay  were  reconstituted  samples. 

2  Although  data  were  collected  on  DDE  In  1986.  all  sample  values  were  the  CRL  (0-094) 
except  for  the  single  Bullhead  from  Lower  Derby  (whole  tissue)  regardless  of  lake, 
species,  or  tissue  type-  No  statistical  tests  were  performed  on  these  data  and 
descriptive  statistic  were  similarly  not  reported  In  tabular  form  since  sample  means 
(0-094)  and  sample  standard  errors  (0-000)  would  be  equal- 

-1  Although  data  were  collected  on  aldrln  In  1986,  all  sample  values  were  the  CRL 
(0-020)  regardless  of  lake,  species,  or  tissue  type-  No  statistical  tests  were 
performed  on  these  data  and  descriptive  statistic  were  similarly  not  reported  In 
tabular  form  since  sample  means  (0-020)  and  sample  standard  errors  (0-000)  would  be 
equal  • 
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Table  B-3-2  Results  of  one-way  (Lake  Derby  versus  Ladora) 
nonparametrlc  (Kruskal-Wallls  one-way  analysis  of  variance 
analytes  (A,  mercury:  and  B,  dleldrln)  for  pike  fillets  In 


parametric 
by  ranks  - 
1986. 


and 

KW)  ANOVA  on 


SOURCE  DF  MS  F  SIGNIFICANCE  K-W  SIGNIFICANCE 


A-  MERCURY 


LAKE 

WITHIN 

TOTAL 


1  0.007  0.749  0.451  0-351  0-554 

3  0-009 

4 


B-  DIELDRIN 

LAKE  1 
WITHIN  3 
TOTAL  4 


0-000  1.800 
0-000 


0-259 


1.500 


0-221 


DF  -  Degrees  of  Freedom 
MS  -  Mean  Square 
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Table  B.3-3  Results  of  one-way  (bluegtll  versus  largemouth  bass)  parametric  and 
nonparametr 1c  (Kruskal-Wallls  one-way  analysis  of  variance  by  ranks  »  KW)  ANOVA  on 
analytes  (A,  mercury;  and  B,  dleldrln)  for  Lake  Mary  fillets  In  1986. 


SOURCE 

DF 

MS 

F 

SIGNIFICANCE  K-W 

SIGNIFICANCE 

A-  MERCURY 

SPECIES 

1 

0.000 

0-063 

0.818  0-093 

0.761 

WITHIN 

3 

0-001 

TOTAL 

4 

B.  DIELDRIN 

SPECIES 

1 

0-000 

0-600 

0-495  0.667 

0.414 

WITHIN 

3 

0.000 

TOTAL 

4 

DF  -  Degrees  of  Freedom 
MS  -  Mean  Square 
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Table  B-3-4  Results  of  one-way  (remains  versus  fillets)  parametric  and  nonparametrlc 
(Kruskal-Wallls  one-way  analysis  of  variance  by  ranks  -  KW)  ANOVA  on  analytes  (A, 
mercury;  B,  dleldrln;  and  C,  DDE)  for  blueglll  from  Lake  McKay  In  1988- 


SOURCE  DF  MS  F  SIGNIFICANCE  K-W  SIGNIFICANCE 


A.  MERCURY 


TISSUE 

WITHIN 

TOTAL 


1  0-016  4.523  0-06?  3-153  0-076  @ 

8  0.003 

9 


B.  DIELDRIN 


TISSUE 

WITHIN 

TOTAL 


1  0-000 

8  0-000 

9 


1.000  0.000  1-000 


C.  DDE 


TISSUE 

WITHIN 

TOTAL 


1  0.000 

S  0.000 

9 


1.000  0-000  1.000 


DF  -  Degrees  of  Freedom 
MS  -  Mean  Square 

@  -  Near  Significance  (0-100  >  p  >  0-050) 
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Table  B.3-5-  Results  of  two-way  (lakes  —  Derby  versus  Ladora  versus  McKay;  species  - 
largemouth  bass  versus  blueglll)  parametric  ANOVA  (Including  a  priori  tests)  and 
hierarchical  nonparametr lc  Kruskal-Wall Is  one-way  ANOVA  by  ranks  (KW)  on  analytes  (A, 
mercury:  B,  dleldrln)  for  whole  tissue  samples  In  1986- 


SOURCE 


DF  MS  F  P  K-W  P 


A-  MERCURY 


CROUPS  5 
LAKES  WITHIN  BASS  2 
LAKES  WITHIN  BLUECILL  2 
BASS  VERSUS  BLUECILL  1 

LAKES  (L)  2 
SPECIES  (S)  1 
L  X  S  2 
WITHIN  15 


CROUPS 

LAKES  WITHIN  BASS 
LAKES  WITHIN  FILLETS 
LARGEMOUTH  BASS  VERSUS 
BLUECILL 


0-007 

9.318 

0-012 

0-019 

8.900 

0.001 

0.001 

0-600 

0-550 

0.006 

3-600 

0-070 

0-011 

6-552 

0-009 

0.005 

2-961 

0-096 

0.005 

0-002 

2.969 

0-082 

9.998  0-077  @ 

5-291  0.073  <3 

9.903  0-132 

1.937  0.987 


B.  DIELDRIN 


CROUPS 

5 

0-005 

2-927 

0-099 

LAKES  WITHIN  BASS 

2 

0-002 

1.250 

0-190 

LAKES  WITHIN  BLUECILL 

2 

0-009 

2.500 

0-120 

BASS  VERSUS  BLUECILL 

1 

0-013 

8-125 

0-010 

LAKES  (L) 

2 

0-009 

2.233 

0-192 

SPECIES  (S) 

1 

0-019 

8-918 

0-009 

L  X  S 

2 

0-001 

0-626 

0-598 

WITHIN 

15 

0-002 

CROUPS 

LAKES  WITHIN  BASS 
LAKES  WITHIN  FILLETS 
LARGEMOUTH  BASS  VERSUS 
BLUECILL 


8.667  0-123 

0.961  0.799 

3-103  0-212 

5-289  0  071  <a 


DF  -  Degrees  of  Freedom 
MS  -  Mean  Square 

3  -  Approaches  significance  (0.100  >  p  >  0-050) 
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_  .  i  -  ,  6  Results  of  two-way  (lakes  —  Derby  versus  McKay; 

:  s'£mJnl™.‘nc  »»0V*  and  hucch.,.!  nonpar...  r 

A»OV*  by  ranks  <I»>  on  analytas  (A,  .atonryr  >.  di.ldrln,  C, 
largemcuth  bass  In  1988- 


tissues  —  remains 
ic  Kruskal-Wallis  one-way 
DDE;  D i  aldrin)  for 


SOURCE 


DF 


SIGNIFICANCE  K-«  SIGNIFICANCE 


A-  MERCURY 

GROUPS 
LAKES  (L) 
TISSUES  (T) 
L  X  T 
WITHIN 


3 

1 

1 

1 

16 


0-072 
0- 174 
0-039 
0.002 
0-006 


11.143 

27-038 

6-071 

0-322 


0-000 

0-000 

0-026 

0.578 


GROUPS 

BETWEEN  LAKES  WITHIN  REMAINS 
BETWEEN  LAKES  WITHIN  FILLETS 
FILLETS  VERSUS  REMAINS 


B.  DIELDRIN 

GROUPS 

LAKES  (L) 
TISSUES  (T) 

L  X  T 

3 

1 

1 

1 

0-295 

0-616 

0-135 

0-135 

8-321 

17-367 

3-798 

0-135 

WITHIN 

16 

0-567 

0.001 

0-001 

0-072 

3-798 


GROUPS 

BETWEEN  LAKES  WITHIN  REMAINS 
BETWEEN  LAKES  WITHIN  FILLETS 
FILLETS  VERSUS  REMAINS 


C-  DDE 

GROUPS 
LAKES  (L) 
TISSUES  (T) 
L  X  T 
WITHIN 


0-885  8-321 
0- 674  16-165 
0-087  2-095 
0-087  2-095 


0-001 

0-001 

0-136 

0-136 


GROUPS 

BETWEEN  LAKES  WITHIN  REMAINS 
BETWEEN  LAKES  WITHIN  FILLETS 
FILLETS  VERSUS  REMAINS 


14 -  657 
6-818 
5-741 
2-286 


15-234 

7-759 

5-538 

0-685 


14-657 

6-818 

5-741 

2.286 


0-002  ** 
0-009  ** 
0-016  * 
0-131 


0-002  ** 
0-005  ** 
0-019  * 
0-408 


0 ■ 002  ** 
0-009  ** 
0-016  * 
0-131 


Table  B-3-6  (continued) 


SOURCE 


DF 


MS 


SIGNIFICANCE 


K-W 


SIGNIFICANCE 


p.  aldrin 

2.723  0-078 
5.666  0-031 
1.260  0-156 
1.260  0-156 


10-038 
5-538 
1.000 
1.935 

FILLETS  VERSUS  REMAINS 


DF  -  Degrees  of  Freedom 
MS  -  Mean  Square 
*  -  Significant  (p  <0-05) 

„*  -  Highly  significant  (  p  <0-01) 


3  0-00020 

1  0-00420 

1  0-00009 

i  0-00009 

16  0.00007 

GROUPS 

between  lakes  within  remains 
between  lakes  within  fillets 


GROUPS 
LAKES  (L) 
TISSUES  (T) 
L  X  T 
WITHIN 


0-018  * 
0-019  * 
0-371 
0- 164 


V 
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'****  ble  B-3-7.  ABOVE  Results  of  two-way  (lakes  —  Derby  versus  McKay;  specie? — Largemouth 
-ass  versus  Blueglll)  parametric  ANOVA  (Including  a  priori  tests)  and  hierarchical 
nonparametr Ic  Kruskal-Wallls  one-way  ANOVA  by  ranks  (KW)  on  mercury  for  whole  tissue 
samples  In  1988-  BELOW — Results  of  one-way  (Lake  Derby  versus  Lake  McKay)  parametric 
and  nonparamet rlc  ( Kruskal-Wall Is  one-way  ANOVA  by  ranks  »  KW)  ANOVA  on  dleldrln  and 
DDE  for  whole  tissues  In  1988- 


SOURCE 

DF 

MS 

F 

SIGNIFICANCE 

K-W 

SIGNIFICANCE 

A.  MERCURY 

CROUPS 

3 

0-045 

11.250 

0-000 

LAKES  WITHIN  BASS 

1 

0  •  074 

19.923 

0.000 

LAKES  WITHIN  BLUECILL 

1 

0-000 

2-243 

0. 130 

BASS  VERSUS  BLUECILL 

1 

0-053 

14-269 

0-001 

LAKES  (L) 

1 

0-015 

3.981 

0-620 

SPECIES  (S) 

1 

0-053 

14.236 

0.001 

L  X  S 

1 

0-068 

18-226 

0-000 

WITHIN 

21 

0-004 

GROUPS 

14-162 

0.003** 

i$AKES  WITHIN  BASS 

6-587 

0.010** 

\KES  WITHIN  BLUECILL 

2-613 

0.106 

BASS  VERSUS  BLUEGILL 

6-311 

0.102* 

B.  DIELDRIN 

LAKES 

1 

0-002 

1.801 

0.201 

2-018 

0.155 

WITHIN 

6 

0-001 

TOTAL 

7 

C.  DDE 

TISSUE 

1 

0-000 

1.000 

0.000 

1.000 

WITHIN 

6 

0-000 

TOTAL 

7 

Dr  -  Degrees  of  Freedom 

MS  -  Mean  Square 

F  -  one-way  ANOVA  results 

P  -  significance  of  F  to  t-test  results 
KW  *  Kruskal-Wallls  results 

P(KV)  .  significance  of  Kruskal-Wallls  results 
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Table  B.3-8.  Statistical  comparisons  of  species,  lakes,  and  tissues.  Tests  are 
tvo-way  ANOVAs  and  nonparasetric  Kruskal-Wallis.* 


1. 

SOURCE 

DF 

MS 

F 

P 

P(KW) 

Mercury  1986 

Whole-Body : 

Ladora,  Mary 

1 

0.012 

5.011 

0.071 

0.213 

Bass,  Bluegill 

1 

0.009 

3.639 

0.069 

0.271 

Lake  by  Species 

1 

0.006 

2.391 

0.121 

0.340 

Within 

8 

0.002 

2. 

SOURCE 

Mercury  1988 

McKay: 

DF 

MS 

F 

P 

P(KV) 

Fillets,  Remains 

1 

0.027 

10.681 

0.005 

0.006 

Bass,  Bluegill 

1 

0.005 

1.814 

0.197 

0.293 

Tissue  by  Species 

1 

0.000 

0.062 

0.807 

0.859 

Within 

16 

0.003 

J  • 

SOURCE 

DF 

MS 

F 

P 

P(KV) 

Dieldrln  1986 
Whole-Body: 

Derby,  Ladora,  Mary 

2 

0.004 

3.258 

0.052 

0.133 

Bass,  Bluegill 

1 

0.012 

9.245 

0.009 

0.013 

Lake  by  Species 

2 

0.001 

1.103 

0.269 

0.609 

Within 

12 

...  ✓ 


r 

-.1 


*  DF 
MS 
F 
P 

P(KV) 


»  degrees  of  freedom 
=  mean  square 
=  one-way  ANOVA  results 
=  significance  of  F 

*  significance  of  Kruskal-Wallis  results 
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Table  B.3-9.  Statistical  comparisons  among  lakes.  Tests  are  parametric  ANOVA, 
t-tests,  and  nonparaaetric  Kruskal-Vallis.* 


Lakes: 

Ladora  versus  Derby  versus 

i  Mary 

Means  and  sample  sizes: 

0.182(3) 

0.054(3) 

0.074(3) 

SOURCE  OF 

MS 

F 

P 

KV 

Mercury  1986 

Bass,  Vhole-body  2 

0.014 

5.355 

0.046 

5.241 

Within  6 

0.003 

Lakes : 

Derby  versus 

McKay 

Means  and  sample  sizes: 

0.359(5) 

0.152(5) 

SOURCE  t 

P 

KV 

P(KU) 

Mercury  1988 

Bass,  Fillets  3.122 

1  0.014 

5.771 

0.016 

Lakes: 

Derby  versus 

McKay 

Means  and  sample  sizes: 

0.250(5) 

0.084(5) 

SOURCE  t 

P 

KV 

P(KV) 

Mercury  1988 

Bass,  Remains  6.04C 

i  0.000 

6.818 

0.009 

P(KW) 

0.073 


Source:  MKE,  1988. 


*  OF  «  degrees  of  freedom 

MS  -mean  square 

F  -  one-vay  ANOVA  results 

t  ■  t-test  results 

P  »  significance  of  F  or  t-test  results 

KV  -  Kruskal-Vallis  results 

P(KV)  »  significance  of  Kruskal-Vallis  results 
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Table  B.3-10.  Statistical  comparisons  among  species.  Tests  are  parametric 
t-tests  and  nonparaaetric  Kruskal-Vallis.* 


Species: 

Means  and  sample  sizes: 

Bass  versus 
0.294(5) 

Bluegill** 

0.063(6) 

SOURCE 

_t 

P 

KV 

P(KV) 

Mercury  1988 
Vhole-body,  Derby 
Within 

7.304 

0.000 

7.639 

0.006 

Species: 

Means  and  sample  sizes: 

Bass  versus  Bluegill 
0.375(5)  0.070(6) 

SOURCE 

t 

P 

KV 

P(KV) 

Dieldrin  1938 
Vhole-body,  Derby 

Vi  thin 

3.425 

0.008 

4.822 

0.028 

Species: 

Means  and  sample  sizes: 

Bass  versus  Bluegill 
0.032(3)  0.100(3) 

SOURCE 

t 

P 

KV 

P(KV) 

Dieldrin  1986 
Vhole-body,  Ladora 
Vithin 

2.509 

0.066 

3.857 

0.050 

Source:  MKE,  1988. 


*  DF 
MS 
F 
t 
P 

KV 

P(KV) 


degrees  of  freedom 
mean  square 
one-vay  ANOVA  results 
t-test  results 

significance  of  F  or  t-test  results 

Kruskal-Wallis  results 

significance  of  Kruskal-Wallis  results 


**  In  test  No.  1,  bass  data  are  from  five  reconstructed  vhole-body  samples. 
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Table  B.3-11.  Statistical  comparisons  among  tissue  types.  Tests  are  parametric 
t-tests  and  nonparumatric  Kruskal-Vallis.* 


Tissues: 

Heans  and  sample  sizes: 

Fillets  versus 
0.152(5) 

Remains 

0.084(5) 

SOURCE  t 

P 

KV 

P(KV) 

Mercury  1988 

Bass,  McKay  2.684 

Vithin 

0.028 

5.771 

0.016 

Tissues: 

Means  and  sample  sizes: 

Fillets  versus  Vhole-Bodies 

C. 034(3)  0.088(6) 

SOURCE  t 

P 

KV 

Dieldrin  1986 

Bluegill,  Mary  1.886 

Vi  thin 

0.101 

2.483 

0.115 

Tissues: 

Means  and  sample  sizes: 

Fillets  versus  Remains 
0.218(5)  0.486(5) 

SOURCE  t 

P 

KV 

P(KV) 

Dieldrin  1988 

Bass,  Derby  1.849 

Vithin 

0.102 

2.455 

0.117 

Tissues: 

Means  and  sample  sizes: 

Fillets  versus  Remains 
0.188(5)  0.109(5) 

SOURCE  t 

P 

KV 

P(KV) 

Mercury  1988 

Bluegill,  McKay  2.137 

Vi  thin 

Total 

0.065 

3.153 

0.076 

Source:  MKE,  1983. 


*  DF  »  degrees  of  freedom 

MS  ■  mean  square 

F  -  one-way  ANOVA  results 

t  «  t-test  results 

P  »  significance  of  F  or  t-test  results 

KV  »  Kruskal-Vallis  results 

P(KV)  =  significance  of  Kruskal-Vallis  results 
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3.2-1  DATA  FROM  1986  AQUATIC  STUDIES 

Three  separate  analyses  were  perforated  on  analyte  data-  Each  analysis  was 
conducted  separately  for  mercury  and  dleldrln-  The  results  of  each  analysis 
appear  In  Tables  B-3-2,  B-3-3.  and  B-3-5.  while  the  discussion  of  each  table 
follows  and  Is  based  upon  the  nonparametr lc  results.  No  significant 
differences  were  found  between  onpost  and  control  lakes  or  between  species 
In  the  lakes  for  any  of  the  contaminants  which  were  analyzed- 

3-2-2  DATA  FROM  1983  AQUATIC  STUDIES 

Three  separate  analyses  were  performed  on  analyte  data.  Each  analysis  was 
conducted  separately  for  mercury,  dleldrln,  aldrln,  and  DDE-  The  results  of 
each  analysis  appear  In  Tables  B-3-A,  B-3-6.  and  B-3-7,  while  the  discussion 
of  each  table  follows  and  Is  based  upon  the  nonparame t r l c  results- 

Table  B-3-6  presents  the  differences  among  combinations  of  lakes  (Derby 
versus  McKay)  and  tissues  (remains  versus  fillets),  holding  species  (bass) 
and  year  (1988)  constant. 

Mercury-  The  significant  differences  among  the  four  treatment  groups  In  the 
preliminary  KW  Is  primarily  caused  by  consistent  significant  differences 
between  Derby  and  McKay  lakes  regardless  of  tissue  type-  No  significant 
difference  between  tissue  types  was  detected  when  the  lakes  samples  were 
pool ed  ■ 

Dicldria-  The  significant  differences  among  treatment  groups  In  the 
preliminary  KW  is  primarily  caused  by  consistent  significant  differences 
between  Derby  and  McKay  lakes  regardless  of  tissue  type-  No  significant 
difference  between  tissue  types  was  detected  when  the  lakes  samples  were 
poo) ed • 

DDE 

The  significant  difference  among  treatment  groups  in  the  preliminary  KW  Is 
primarily  caused  hy  consistent  significant  differences  between  Derby  and 
McKay  Jakes  regardless  of  tissue  type-  No  significant  difference  between 
tissue  types  was  detected  when  the  lakes  samples  were  pooled- 
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Aldrin 

The  significant  difference  among  treatment  groups  In  the  preliminary  KW  Is 
primarily  caused  by  a  significant  difference  between  Derby  and  McKay  lakes 
in  samples  of  remains.  No  significant  differences  occurred  between  lakes  in 
samples  of  fillets  or  between  tissue  types  when  lake  samples  were  pooled. 

Table  B-3-7  presents  the  differences  between  lakes  (Derby  versus  McKay) 
holding  specie'  (blueglll),  tissue  (whole)  and  year  (1988)  constant.  No 
significant  difference  between  lakes  was  detected  for  mercuryi  dleldrln,  or 
DDE. 

Table  B-3-6  presents  the  differences  between  tissues  (remains  versus 
fillets)  holding  lake  (McKay),  species  (blueglll),  and  year  (1988)  constant.' 

Mercury 

Significance  was  approached  for  differences  between  tissues- 

Dieldrin 

No  difference  was  detected  between  tissues!  all  samples  for  both  tissue 
types  were  at  the  CRL- 

DD£_and_Aldrin 

No  difference  was  detected  between  tissues:  all  samples  for  both  tissue 
types  were  at  the  CRL- 

3-3  CQliCLUSlOJS 

The  most  Important  and  l nf oria t 1 ve  comparisons  from  the  po 1 n t -of -v l eu  of  the 
effects  of  contamination  at  RMA  on  the  biota  are  those  that  Involve 
comparisons  of  sites  In  which  at  least  one  contaminated  and  one  control  lake 
exist.  MKE  do  not  provide  these  data  for  1986.  Two  of  the  statistical 
analyses  (Tables  B-3-6  and  B-3-7)  for  1988  do  permit  evaluation  of  the 
question  as  to  whether  biota  In  a  contaminated  lake  (Derby)  exhibit  analyte 
concentrations  that  are  distinguishable  from  those  In  a  control  lake . 
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Nonetheless,  sample  sizes  In  both  cases  are  small  and  real  differences  may 
be  missed  because  of  low  power.  Moreover,  comparisons  that  involved  a 
single  control  lake  and  a  single  onsite  lake  may  represent  false  replication 
in  that  "all  other  features  of  the  lakes  are  not  equal,"  making 
interpretation  of  significance  or  nonsignificance  difficult.  Each  of  the 
four  (mercury,  dieldrln,  DDE,  aldrln)  contaminants  exhibited  highly 
significant  differences  between  RMA  and  control  lakes  for  bass  despite  small 
sample  sizes.  None  of  the  analytes  exhibited  significant  differences 
between  control  (N  »  2)  and  RMA  (N  »  6)  lakes  for  blueglll  (whole  tissue), 
at  least  In  part  because  of  small  samples.  Additional  comment  on  tests  or 
comparisons  that  do  not  directly  Involve  control  and  contaminated  lakes  are 
not  made  herein. 
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esecotive  cc-’xary 

This  report  presents  the  results  of  an  in-depth  survey  of  all 
available  extant  literature  on  the  use  by  the  Army  of  chemical 
pesticides  and  herbicides  for  pest  and  vegetation  control  at  Rocky 
Mountain  Arsenal  between  1943  and  1987.  The  literature  on  this 
subject  while  voluminous  is  fragmentary  and/or  non-existent  in 
strategic  areas.  This  situation  effectively  precludes  a 
reconstruction  of  Army  pest  and  vegetation  control  operations  on 
a  site-specific  basis.  Meaningful  quantification  of  historical 
herbicide  and  pesticide  usage  is  similarly  impossible.  In 
consequence,  this  report  takes  the  form  of  an  Arsenal-wide 
narrative,  chronicling  to  the  extent  possible  the  Army  experience 
in  this  area.  The  report  covers  only  Army  activities.  The 
requisite  documents  and  records,  necessary  to  a  reconstruction  of 
the  record  of  Shell  Chemical  Co.  and  its  predecessor,  the  Julius 
Hyman  Co.,  in  the  area  of  pest  and  vegetation  control  have  as  yet 
not  been  released.  Bibliographies  of  the  extant  literature  on  pest 
and  vegetation  control  activities  and  herbicide  and  pesticide  usage 
are  presented  on  pages  38  to  66  and  Appendix  D. 
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Dse  of  Pesticides  and  Herbicides 
for  tha  Control  of  Pa3ts  and  Vegetation  at 
Rocky  Mountain  Arsenal 


Since  194  3,  the  Army  has  conducted  a  series  of  ongoing 
programs  for  the  control  of  pests  and  vegetation  at  Rocky  Mountain 
Arsenal.  Over  the  years,  programmatic  efforts  have  concentrated 
on  the  removal  of  weeds  and  vegetation  from  railroad  tracks,  canals 
and  creeks,  the  control  of  aquatic  vegetation  and  mosquitoes  in  the 
process  water  storage  lakes  and  the  eradication  of  various  pests 
inhabiting  the  general  area  of  sites  occupied  by  administrative  and 
living  quarters,  and  production  and  storage  facilities  (Deputy, 
1985;  Donnelly,  1985;  Green,  1985;  Heim,  1985;  Lynes,  1985;  Wright, 
1985;  Donnelly,  1986;  Mitchell,  1986,  pp.  554-554).  Integral  to 
the  implementation  of  these  programs  for  pest  and  vegetation 
control  has  been  the  extensive  utilization  of  a  wide  variety  of 
chemical  herbicides  and  pesticides.  Available  information  suggests 
that  herbicides  and  pesticides  were  transported  to  the  Arsenal  in 
bulk  and  mixed  on-site  to  use-proportions  in  so-called  "herbicide 
and  pesticide  shops"  (Mitchell,  1986,  pp.  562-564).  The  usual 
practice  was  to  transfer  bulk  concentrate  from  a  drum  to  a  sprayer 
tank.  The  desired  solution  was  then  attained  by  adding  either 
water  or  kerosine  (Lynes,  1985,  pp.  79-81).  At  various  times 
during  the  active  period  of  the  Arsenal's  history,  Buildings  616, 
627B  and  643  were  used  for  bulk  storage  of  herbicides  and  pesti¬ 
cides  (USAEHA ,  1979;  Grodt,  1988;  Donnelly,  1986;  Mitchell,  1986, 
p.  628).  The  first  "herbicide  and  pesticide  shop,"  Building  646, 
was  a  temporary  structure  relocated  from  G3  Plants  Area  in  1952 
(RjMA,  1952a;  PMA,  1952c,  p.  2;  RMA,  1953a;  Donaghe,  1980).  By  the 
mid-1950s.  Building  646  had  been  replaced  by  a  permanent  facility, 
Building  544,  constructed  in  1953  (DOA,  1953;  Parsons,  1957;  COE, 
1984;  Mitchell,  1986,  pp.  562-563).  Building  544  was  operated  as 
the  designated  "herbicide  and  pesticide  shop"  at  the  Arsenal  until 
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supplanted  in  the  early  1980's  by  Building  742  (Mitchell,  1986,  pp. 
562-564)  .  Apparently,  little,  if  any  relationship  existed  between 
the  Army's  pest  and  vegetation  control  programs,  and  the  herbicide 
and  pesticide  manufacturing  operations  conducted  by  various  lessees 
of  the  Army  between  1947  and  1982.  The  individual  compounds  were, 
for  the  most  part,  different,  and  as  well  as  can  be  determined,  the 
Army  purchased  its  bulk  herbicide  and  pesticide  stocks  from  sources 
off-site  (Deputy,  1985;  Donnelly,  1985;  Green,  1985;  Heim,  1985; 
Lynes,  1985;  Wright,  1985;  Donnelly,  1986;  Mitchell,  1986). 
Regarding  the  pest  and  vegetation  control  activities  conducted  by 
the  various  lessees,  most  notably,  Julius  Hyman  &  Co.  and  Shell 
Chemical  Co.,  in  their  respective  leasehold  areas,  virtually 
nothing  is  known. 

In  August  1943,  the  Army  began  treating  the  South  Lakes  with 
crystalline  copper  sulfate  (Blue  Vitriol)  to  control  the  growth  of 
algae.  Row  boats  were  used  to  spread  the  chemical  near  the  surface 
of  the  water.  The  average  dosage  was  between  2.5  and  3.0  pounds 
of  copper  sulfate  per  million  gallons  of  water.  On  September  30, 
1943,  three  hundred  pounds  of  copper  sulfate  were  mixed  in 
Building  374  and  allowed  to  flow  through  the  baffle  flume  into  Lake 
Ladora.  This  method  proved  ineffective,  and  subsequent  applica¬ 
tions  of  copper  sulfate  in  August  1944  and  July  1945  followed  the 
surface  treatment  method  described  above  (CWS,  1945) . 

On  May  22,  1944,  the  Arsenal's  industrial  hygiene  and 
sanitation  committee  recommended  spraying  either  Paris  Green’  or 
oil  on  the  seepage  pond  near  Sixth  Avenue  south  of  Derby  Lake  and 
on  the  stagnant  water  holes  on  "E”  Street  between  Sixth  and  Seventh 
Avenues  to  prevent  mosquitoes  from  breeding  (Shaw  et  al . .  1944). 
In  late  November  1944,  the  Army  began  using  rat  poison  and  traps 
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A  poisonous,  bright  green  powder,  (CuOIjASj  Oj.CufCjH^opj,  used  as  an  insecticide. 
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to  exterminate  field  mice  and  rats  on  the  Arsenal  (Holaday  et  al . , 
1944)  . 


As  of  April  20,  1945,  for  the  purpose  of  eradicating  flies, 
mosquitoes  and  other  insects,  DDT  had  been  sprayed  in  various  parts 
of  the  Arsenal  including  the  pyrotechnic  incendiary  branch,  the 
service  branch,  and  the  Building  T-157  barracks.  At  this  time,  the 
industrial  hygiene  committee  of  the  Arsenal  also  recommended  that 
the  post  engineer  responsible  for  the  insecticide  program  apply  DDT 
in  all  barracks,  cafeterias,  dispensaries,  and  mess  halls  to 
control  bedbugs,  cockroaches,  and  flies  (Mnookin  et  al . ,  1945). 

During  May  1946,  a  large  number  of  gnats  and  mosquitoes  were 
adversely  affecting  Army  personnel  working  in  the  Toxic  Storage 
Yard  in  Section  6.  In  response,  the  industrial  hygiene  committee 
recommended  spraying  DDT  insecticide  in  the  South  Lakes  area  to 
control  mosquito  and  gnat  breeding.  In  previous  years,  the 
breeding  of  chese  insects  had  been  sufficiently  controlled  by  the 
variation  of  water  levels  in  the  South  Lakes  (McLaughlin  et  al .  . 
1946a).  By  July  17,  1946,  the  Army  had  completed  the  spraying  of 
DDT  on  the  screens  of  all  the  cafeterias,  mess  halls,  and  staff 
houses  on  the  Arsenal  (McLaughlin  et  al.,  1946b). 

In  late  March  1947,  the  industrial  hygiene  committee  recom¬ 
mended  that  the  post  engineer  spread  oil  all  stagnant  ponds, 
particularly  the  seepage  area  west  of  Ladora  Lake,  to  control  flies 
and  mosquitoes  (McLaughlin,  1947).  On  May  6,  1948,  the  post 
surgeon  directed  the  spraying  of  DDT  insecticide  on  apartment  and 
house  screens  to  decrease  flies.  The  surgeon  also  indicated  that 
the  land  around  these  apartments  would  be  sprayed  with  DDT  to 
control  fleas  (Harbaugh,  1948)  . 
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Army  usage  of  DDT  at  the  Arsenal  continued  throughout  the 
decade  of  the  1950s  and  extended  into  the  1960s.  Available  records 
suggest  that  on  the  average  three  55-gallon  drums  of  DDT  were 
purchased  by  the  Army  annually.  During  the  mosquito  season,  DDT 
was  sprayed  around  the  South  Lakes,  connecting  water  and  ditch 
ways,  and  picnic  areas  approximately  twice  a  week.  A  motor-driven 
fogger  mounted  on  a  two-wheel  trailer  was  used  to  widen  the  area 
of  application,  facilitating  the  spraying  operation  (Lynes,  1985, 
p.  62;  Mitchell,  1986,  pp.  555-558). 


In  1948,  Julius  Hyman  and  Company  leased  Buildings  633  and 
633A  located  in  the  southeastern  quarter  of  Section  4  of  the 
Arsenal.  Hyman  used  these  structures  along  with  Building  6333,  a 
Hyman-owned  building,  as  a  laboratory  designed  to  test  insecticides 
on  flies  and  other  insects  (Silber,  1948;  Goodali,  1953;  Atchley 
and  Kent,  1954;  Silber,  1954).  In  1952,  with  the  acquisition  of 
Hyman's  lease,  Shell  Chemical  Company  assumed  occupancy  of  these 
buildings.  Between  1953  and  1957,  Shell  Development  Company,  an 
affiliated  Shell  company,  used  these  buildings,  also  known  as  the 
"bug  lab,"  for  agricultural  research  and  bioassay  purposes 
(Goodali,  1953;  Shadle,  1953;  Silber,  1955;  Silber,  1957;  Parsons, 
1957;  Mitchell,  1986,  pp.  644-645).  The  extent  of  laboratory 
operations  in  these  facilities  is  unknown. 


In  January  1949,  the  post  engineer  prepared  a  land  management 
plan  to  serve  as  a  guide  for  the  utilization  and  maintenance  of  all 
lands  at  Pocky  Mountain  Arsenal.  For  the  purposes  of  land 
management,  the  Arsenal  was  divided  into  three  distinct  areas.  In 
one  of  these  areas,  the  plan  specified  the  application  of  "weed 
control  chemicals"  to  control  weeds  on  bluegrass  lawns.2  Herbi- 


The  selected  area  covered  913  acres  and  was  considered  intensi  tt  use  area.  It  contained  the 
administration  3rd  manufacturing  areas,  shops  and  warehouses,  officers'  quarters,  the  sewage  treatment  plant 
(Unautnored,  19i9). 
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cides  and  soil  sterilizing  chemicals  were  to  be  used  to  control 
vegetation  along  the  Arsenal's  railroad  tracks  (Unauthored,  1949). 

During  the  spring  of  1950,  the  Army  announced  its  intention 
to  use  2,4-D  (2 , 4-dichlorophenoxyacetic  acid)  to  control  weeds  at 
the  Arsenal.  Pests  were  to  be  controlled  with  Chlordane3  insecti¬ 
cide  (Chemical  Corps,  1950) . 

In  July  1951,  Julius  Hyman  and  Company  began  treating  Lake 
Ladora  to  control  the  growth  of  algae.  Hyman  performed  routine 
maintenance  work  on  the  Arsenal's  water  system  as  part  of  its  lease 
obligations  (Silber,  1953a).  On  August  18,  1953,  Hyman  informed 
the  Army  that  "chemical  eradication"  would  be  required  to  control 
the  heavy  weed  growth  in  Lake  Ladora  (Silber,  1953b) .  Several 
years  later  in  July  1958,  Shell  Chemic  1  Corporation  notified  the 
Army  that  it  had  "recently  completed  t'  eatment  of  the  lower  lake" 
to  control  weeds  and  algae  (Hughes,  1958) .  Shell  continued  to 
treat  and  control  aquatic  vegetation  in  Lake  Ladora  until  at  least 
1969  (Williams,  1964;  Howard,  1969).  Unfortunately,  the  types  and 
quantities  of  vegetation  control  of  chemicals  used  by  Hyman  and 
Shell  during  this  period  are  unknown. 

In  1952,  the  Army  conducted  an  insecticide-filling  program 
for  the  United  States  Forest  Service.  Two  insecticides, 
ethylenedibromide  and  orthodichlorobenzene,  were  transported  to 
the  Arsenal  and  stored  temporarily.  The  insecticides  were  mixed 
witn  fuel  oil  and  an  emulsifier,  and  placed  in  containers.  By 
December  31,  1952,  the  Army  had  shipped  approximately  197,000 
pounds  of  ethylenedibromide  and  183,000  pounds  of  orthodichloroben¬ 
zene  off  the  Arsenal  {RMA,  1952a;  Smith,  1952;  RMA,  1952b;  RMA , 
1952c,  p.  33). 
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During  the  summer  of  1954,  the  Army  sprayed  750  acres  of  the 
Arsenal  with  isopropyl  ester  of  2,4-D  to  control  the  growth  of 
Russian  thistle,  Salsola  pert if er.  Russian  Thistle  was  a  prickly 
weed  that  grew  along  railroads,  roadways,  and  fields  throughout 
the  Arsenal  (RMA,  1954;  Shogren,  1977,  p.  31). 

In  mid-1955,  the  Arsenal's  maintenance  division  sprayed 
approximately  500  acres  with  isopropyl  ester  of  2,4-D  to  control 
Russian  thistle  and  other  noxious  weeds.  Later  in  the  year,  200 
acres  were  sprayed  with  isopropyl  ester  of  2,4-D, and  320  acres  of 
land  were  treated  with  sodium  fluoracetate  to  reduce  the  prairie 
dog  population  (RMA,  1955a;  RMA,  1955b). 

Between  July  and  September  1956,  the  maintenance  division 
chemically  treated  400  acres  of  land  to  control  broad-leaf  weeds. 
Approximately  2,000  pounds  of  Ureabor  was  spread  around  various 
Arsenal  buildings  to  control  vegetation.  Ureabor,  a  nonselective 
soil  sterilant,  was  a  combination  of  sodium  borates,  3-p-chloro- 
phenyl,  and  1,1  d  j  methylurea .  By  the  year's  end,  an  additional 
5,300  pounds  of  Ureabor  had  been  spread  in  the  North  Plants  area 
and  other  sections  of  the  Arsenal  (RMA,  1956a;  RMA,  1956b;  Shogren, 
1977,  p.  34)  . 


Early  in  1957,  the  maintenance  division  applied  10,700  pounds 
of  Ureabor  to  various  areas  of  the  Arsenal  for  the  purpose  of 
controlling  vegetation.  That  spring,  the  railroad  maintenance 
branch  spread  22,000  pounds  of  Ureabor  along  the  Arsenal  railroad 
tracks.  During  the  same  period,  the  insect  and  rodent  control 
branch  fumigated  one  building  with  hydrogen  cyanide  (HCM) ,  sprayed 
trees  and  shrubbery,  and  spread  1,000  pounds  of  Ureabor  Soil 
Sterilant  for  vegetation  control  (RMA,  1957a;  RMA,  1957b). 
Throughout  the  summer  and  fall  of  1957,  the  Army  sprayed  all  trees, 
lawns,  and  shrubbery  on  the  Arsenal  to  control  insects  and  rodents . 
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Three  acres  of  land  were  treated  with  Ureabor  Soil  Sterilant  to 
control  vegetation  (R.MA,  1957c;  RMA,  1957d)  .  During  this  period, 
the  Army  used  various  insecticides  and  rodenticides,  including 
Warfarin,4  thallium  sulfate,  sodium  f luoroacetate ,  Chlordane, 
Dieldrin,  DDT,  lead  arsenate,  Bordeaux  mixture,5  Malathion,6  and 
nicotine  sulfate  (USAEHL,  1957). 

In  1958,  the  maintenance  division  sprayed  lawns  and  trees  on 
the  Arsenal  to  control  insects,  rodents,  and  predators.  Ureabor 
Soil  Sterilant  was  applied  to  the  storage  pads  in  Section  31  and 
forty-five  additional  acres  of  Arsenal  land  to  control  weed  and 
vegetation  growth  (RMA,  1958a;  RMA,  1958b;  RMA,  1958c;  RMA,  1958d)  . 

During  1959,  the  Army  treated  the  "Open  Storage  Area"  with 
2,500  pounds  of  Ureabor  Soil  Sterilant.  An  unknown  quantity  of 
Ureabor  v/as  applied  to  all  active  railroad  trackage  and  areas 
adjacent  to  the  Arsenal's  perimeter  fence  (RMA,  1959a;  RMA,  1959b; 
RMA,  1959c) .  Insecticides  in  use  at  this  time  included  Chlordane, 
Lindane  ( 1 , 2 , 3 , 4 , 5 , 6-hexachlorobenrene) ,  Malathion,  and  DDT 
(Ledwell,  1959). 

In  early  1960,  Army  personnel  spread  4,000  pounds  of  Ureabor 
Soil  Sterilant  around  sign  posts,  utility  poles,  and  warehouses. 
Ureabor  was  also  placed  on  standby  railroad  trackage.  During  the 
spring,  another  4,000  pounds  of  Ureabor  were  spread  throughout  the 
installation  (RMA,  1960a;  RMA,  1960b).  On  July  11,  1960,  Shell's 
industrial  hygienist  contacted  the  Army  about  the  possibility  of 
having  the  Shell  leased  area  sprayed  for  mosquitoes.  Four  days 
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later,  an  Army  representative  toured  Shell's  leased  facilities  to 
determine  which  areas  needed  to  be  sprayed.  By  July  20,  1960,  the 
Arsenal's  insect  and  rodent  control  branch  had  sprayed  the  Shell 
plant  area,  part  of  Lake  Ladora,  and  the  north  sides  of  Upper  and 
Lower  Derby  Lakes  (McGilvray,  1956-1972). 


In  the  spring  of  1961,  the  maintenance  division  sprayed  for 
insects  and  spread  10,000  pounds  of  Ureabor  Soil  Sterilant  on 
vegetation  (RMA,  1961a) .  On  June  30,  1961,  Shell  requested  the 
Army  to  spray  the  Shell-leased  area  for  mosquitoes  under  terms  of 
a  contract  between  Shell  and  the  Army.  Within  three  days.  Arsenal 
personnel  had  sprayed  the  acetylene  area  and  other  parts  of  Shell's 
leased  facilities.  The  picnic  area  north  of  Lake  Mary  possibly  was 
sprayed  in  mid-July  (Brisbane,  1961;  McGilvray,  1956-1972;  RMA, 
1961b).  Pesticides  used  by  the  Army  in  1961  included  Lindane, 
Chlordane ,  Malathion,  and  DDT  (Vining,  1961).  During  the  last 
three  months  of  the  year,  the  Army  spread  approximately  600  pounds 
of  Ureabor  Soil  Sterilant  around  various  Arsenal  buildings  (RMA, 
1961c)  . 


In  early  1962,  the  maintenance  division  spread  approximately 
20,000  pounds  of  Ureabor  Soil  Sterilant  around  fences,  sign  posts, 
and  buildings  in  the  South  Plants.  Another  12,000  pounds  of 
Ureabor  were  applied  to  active  railroad  trackage.  The  Army  also 
treated  the  western  end  of  Lake  Mary  with  sodium  arsenite  to 
control  aquatic  vegetation  (RMA,  1962a;  RMA,  1962b).  On  June  22, 
1962,  Shell  requested  the  Army  to  spray  specific  areas  of  Shell's 
leased  facilities  for  mosquitoes  under  terms  of  a  contract  between 
Shell  and  the  Army.  As  of  July  10,  1962,  Arsenal  personnel  had 
sprayed  the  acetylene  unit,  the  mustard  area,  and  the  open  area 
north  of  the  bicycloheptad ione  production  unit  (Brisbane,  1962 ; 
McGilvray,  1956-1972).  During  the  summer  and  io.ll,  the  Army 
treated  the  eastern  end  of  Lake  Mary  with  sodium  arson ite  and 

. ) 


?  ■  1 

l  M  r  r«  .  jwn 


a  - 


3  nor,  KM 


spread  20,000  pounds  of  Ureabor  Soil  Sterilant  (RMA,  1962c;  RMA, 
1962d) .  The  Arsenal  grounds  were  treated  with  an  additional  20,000 
pounds  of  Ureabor  Soil  Sterilant  during  the  first  half  of  1963 
(RMA,  1963). 

On  April  2,  1962,  the  Army  established  a  special  projects 
division  at  the  Arsenal  to  produce  and  store  the  biological  agent 
TX7  (McNary,  1962;  Whitledge,  1962).  In  early  1963,  the  special 
projects  division  initiated  TX  field  production  operations.  During 
May  and  early  June,  approximately  650  acres  of  wheat  were  planted 
in  fields  located  in  Sections  23  ,  24,  25,  '  d  26  (Bogan,  1963; 
Unauthored,  1970) . 

The  Army  used  various  herbicides  and  pesticides  during  each 
TX  production  season.  Between  May  and  August,  1964,  the  TX  fields 
were  sprayed  with  approximately  450  pounds  of  2,4-D  to  control 
grasses  and  two  types  of  weeds,  broad-leaf  and  bindweed.  One  wheat 
field  in  Section  24  was  treated  with  approximately  30  pints  of 
Malathion  to  control  the  aphid  and  leaf  mite  population  (Asai, 
1964;  Flucke,  1964). 

During  the  1965  production  season,  Arsenal  personnel  sprayed 
approximately  525  pounds  of  2,4-D  on  the  TX  wheat  fields  to  control 
grasses,  bindweed,  broad-leaf  weeds,  and  knapweed.  Additional 
quantities  of  2,4,5-T  (2 , 4 , 5-trichlorophenoxy  acetic  acid) ,  Dowpon, 
and  2,4-D  were  sprayed  on  the  ditches  and  perimeter  of  the 
production  site  (Clevenger,  1965).  In  the  summer  of  1966,  the  Army 
used  a  self-propelled  sprayer  to  treat  TX  fields  and  400  surround¬ 
ing  acres.  At  least  250  pounds  of  2,4-D,  and  500  pounds  of 


TX  ***,  the  military  cod<?  for  ?h*  uredioipore*  of  Puccini »  ini  $  var.  tritici,  the  cftutal  agent 
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Malathion  were  sprayed  on  the  TX  fields  that  season  to  control 
weeds  and  insects  (Krenzer  and  Morkovsky,  1966). 

The  special  projects  division  continued  to  use  herbicides  and 
insecticides  during  the  1967  and  196S  TX  production  seasons.  In 
1968,  approximately  370  pounds  of  2,4-D  were  sprayed  on  17  TX 
fields  to  control  the  growth  of  broad-leaf  weeds.  An  additional 
51  gallons  of  Malathion  were  used  to  control  a  light  infestation 
of  grasshoppers  and  aphids  throughout  the  TX  production  site 
(Ammon,  1967;  Young,  1967). 

During  the  summer  of  1968,  the  Army  used  chemical  retardants 
to  control  the  growth  of  vegetation  in  Lake  Mary.  The  lake  may 
have  been  treated  twice  with  Diquat8  to  control  aquatic  weeds. 
Approximately  one-half  to  three  pounds  of  Karaex  (Diuron)9  were 
used  per  surface  acre  to  control  filamentous  algae  growth.  The 
use  of  these  herbicides  helped  release  nutrients  for  the  production 
of  plankton,  which  improved  fishing  conditions  in  Lake  Mary 
(Bartschi,  1963;  Unauthored,  1963). 

During  the  summer  months  of  1970,  the  Army  sprayed 
insecticides  throughout  the  Arsenal  to  control  rodents  and  insects. 
The  specific  types  and  quantities  of  insecticides  used  that  summer 
are  unknown  (Gaon,  1970a;  Gaon,  1970b;  Gaon,  1970c). 

On  December  7,  1970,  the  Arsenal's  director  of  facilities 
requested  command  authorization  to  purchase  and  use  approximately 
five  gallons  of  R-5510  Rodent  Repellent.  The  repellant  was  needed 
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to  protect  underground  control  cables  which  linked  a  network  of  air 
monitoring  stations  on  the  Arsenal’s  perimeter  from  being  destroyed 
by  gophers.  On  December  14,  1970,  the  Army  gave  the  Arsenal 
permission  to  purchase  and  use  the  R-55  Rodent  Repellent.  No 
information  was  found  on  the  actual  use  of  this  material  at  Rocky 
Mountain  Arsenal  (Donnelly,  1970a;  Donnelly,  1970b;  Grosskopf, 
1970)  . 

Between  1964  and  1969,  the  population  of  bullheads  and 
bluegills  increased  significantly  in  Lake  .-(ary .  To  eliminate  an 
over-abundance  of  these  warm  water  fish  which  were  inhibiting  the 
survival  and  growth  of  stocked  trout,  the  lake  was  chemically 
treated  in  1970.  The  water  level  was  lowered  five  to  six  feet,11 
and  a  mixture  of  five  gallons  of  5  percent  emulsifiable  Rotenone 
and  50  pounds  of  20  percent  Rotenone  were  applied  to  the  remaining 
water  and  sump  areas  on  August  25,  1970.  The  treatment  rid  the 
lake  of  hordes  of  bluegill,  a  large  number  of  black  bullheads, 
approximately  200  rainbow  trout,  and  a  few  largemcuth  bass. 
Subsequent  sampling  revealed  a  complete  extermination  of  the 
undesired  fish  species  (Donnelly,  1974;  Mullan,  1975a;  Mullan, 
1975b;  Mullan,  1975c) . 

Green  sunfish,  which  were  present  in  the  canal  water  that  was 
used  to  fill  Lake  Mary,  entered  the  lake  during  refilling  in  1970. 
The  green  sunfish  population  quickly  matched  the  over-abundant 
populations  of  the  undesired  fish  species  which  had  existed  prior 
to  the  treatment  of  the  lake  and  presented  similar  undesirable 
conditions  for  the  survival  and  growth  of  stocked  fish.  This 


In  period  doctr#?nts,  Lake  Wary  was  listed  as  a  surface  lake  consisting  of  a  rrvjin  bod1/  of  water 
apprex intatel y  ICO  feet  wide  by  600  feet  l eng;  and  throe  fingers,  each  about  150  feet  wide  by  ICO  feet  long. 
The  deepest  portion  of  the  lake,  located  at  the  west  end,  covered  an  area  nearly  ICO  feet  wide  by  <00  feet  long, 
averaging  6.5  feet  deep,  with  the  deepest  point  being  9.5  feet.  The  depth  of  the  remainder  of  the  lake  averaged 
about  four  feet  (Dwvxlly,  1974;  Mullan,  1973c).  During  1974-  1973,  the  lake  was  slightly  enlarged  and  deepened 
to  an  average  depth  of  15  feet  (Mullan,  1975b;  Mullan,  1973c). 
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undesirable  expansion  of  green  sunfish  densities  was  exacerbated 
by  uncontrolled  vegetation  and  weeds  in  the  lake.  To  improve  these 
conditions,  the  lake  was  drained  in  late  August  and  early  in 
September  of  1974.  On  September  12,  1974,  an  unspecified  amount 
of  5  percent  emulsifiable  Rotenone  was  applied  to  38  acre-feet  of 
mud  and  water  in  the  lake.  Hordes  of  green  sunfish,  a  few 
largemouth,  and  approximately  200  channel  catfish  were  killed.  The 
lake  was  later  refilled  (Donnelly,  1974;  Mullan,  1975a;  Mullan, 
1975b;  Mullan,  1975c) . 

While  herbicide  and  pesticide  usage  by  the  Army  at  the  Arsenal 
continued  in  the  1970s  and  1980s,  the  use  of  a  number  of  herbicides 
and  pesticides  was  either  eliminated  or  sharply  curtailed..  Army 
Regulation  420-76,  enacted  on  February  1,  1972,  governed  the  use 
and  handling  of  pesticides  and  defined  specific  responsibilities. 
This  regulation  required,  inter  alia .  continued  training  and 
appropriate  certification  of  personnel  to  prevent  contamination  of 
the  environment.  The  regulation  classified  Aldrin,  benzene 
hexachlorida ,  Chlordane,  DDT,  Dieldrin,  Endrin,  Heptachlor, 
Lindane,  and  Toxaphene  as  persistent  pesticides  and  restricted 
their  use  to  essential  purposes  for  which  no  reasonable  substitutes 
existed.  All  pesticide  spills  were  required  to  be  reported. 
Pending  establishment  of  federal  guidelines,  up  to  50  gallons  of 
obsolete  or  deteriorated  pesticides  were  allowed  to  be  destroyed 
by  burning  in  a  landfill  which  met  state  requirements.  The 
reporting  of  all  pest  control  operations  was  also  required  (DOA, 
1971). 12  During  the  same  year,  the  United  States  Environmental 
Protection  Agency  banned  almost  all  uses  of  DDT  because  of  its 
persistence  and  its  possible  health  hazards  to  people  and  ill 
effect  on  wildlife  ( L3A,  1931). 


For  Pocky  Mountain  Arsenal ,  rvticulous  record  has  t>?en  fcurxd  only  for  the  period  1979  through  1905. 
The  data  obtained  from  this  record  are  presented  in  Appendix  A. 
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In  January  1973,  the  Army  began  a  pesticide  monitoring  program 
at  20  different  Army  installations  in  the  United  States  to 
determine  the  extent  of  pesticide  occurrence  in  the  installation 
environment  and  to  evaluate  the  hazards  created,  if  any  (Kelly, 
1973).  Under  this  program,  a  number  of  soil  and  water  samples  were 
taken  in  1973  and  1974  from  different  areas  of  Rocky  Mountain 
Arsenal,  including  Section  25,  First  Creek,  Lake  Mary,  and  the 
sewage  oxidation  pond.  Although  complete  records  are  not  avail¬ 
able,  at  least  seven  samples  contained  detectable  quantities  of 
pesticide  residues  and  heavy  metals.  However,  the  residual  levels 
were  determined  to  be  within  expected  values,  consistent  with 
residue  levels  resulting  from  "normal"  pest  control  activities,  and 
within  permissible  levels  allowed  by  the  United  States  Environ¬ 
mental  Protection  Agency  for  public  water  supplies.  Another  four 
samples  showed  residual  levels  of  pesticides  higher  than  those 
expected  as  a  result  of  "normal"  pest  control  activities.  These 
higher  levels  were  considered  reasonable  in  view  of  pesticide¬ 
manufacturing  operations  at  the  Arsenal  by  lessees  of  the  Army 
(Cordo,  1973;  Cordo,  1974;  Johnston,  1974;  Larsen,  1974a;  Larsen, 
1974b;  Larsen,  1974c;  Larsen,  1974d;  Larsen,  1974e) .  Table  I  in 
Appendix  C  summarizes  the  available  data  relating  to  the  pesticide 
monitoring  program. 


By  October  1975,  the  Army  was  expediting  its  efforts  to  ensure 
the  effectiveness  and  efficiency  of  the  pest  management  program  at 
the  Arsenal.  A  number  of  pest  management  program  surveys  were 
conducted  in  the  succeeding  years.  The  overall  purpose  of  these 
surveys  was  to  provide  technical  guidance  and  to  evaluate  the  pest 
management  program  from  a  variety  of  perspectives,  including  the 
medical  and  economic  aspects  of  pest  control,  requirements  for 
pollution  abatement,  available  resources,  and  the  adequacy  and 
goals  of  the  program.  The  use  of  herbicides  was  also  monitored 
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during  these  surveys  (Hastriter  and  McLaurin,  1976;  confer  Farlow, 
1984)  . 

The  initial  pest  management  program  survey  was  conducted 
between  October  6  and  October  9,  1975.  The  ensuing  report  of 

survey  results  noted  that  the  areal  expanse  of  that  portion  of  the 
Arsenal  where  pest  control  services  were  applied  totalled  17,5^0 
acres,  including  1,536,000  square  feet  of  building  space. 
Cockroach  control  in  food  service  areas  was  accomplished  using 
Baygon  1.5  Emulsifiable  Insecticide  applied  as  a  1.1  percent 
emulsion  on  a  monthly  basis  in  warehouses  (Buildings  331  and  332), 
clubs  (Buildings  151  and  383)  ,  and  a  dining  facility  (Building 
166)  .  Cockroach  control  in  nonfood  areas  of  these  facilities  was 
accomplished  using  a  47.5  percent  solution  of  Diazinon  applied  as 
a  0.5  percent  emulsion  on  a  monthly  basis.  Control  in  all  other 
areas  of  the  Arsenal  was  handled  on  an  as-needed  basis  upon 
request.  Mosquito  control  consisted  of  the  application  of  a 
solution  of  two  ounces  of  57  percent  Malathion  emulsifiable 
concentrate  per  gallon  of  water  twice  weekly  during  the  breeding 
season.  Moth  control  had  been  attempted  using  Baygon  and  Malath¬ 
ion.  Mice  control  was  effected  by  placing  brown  paper  bags,  at 
intervals  of  eight  to  12  feet,  containing  four  ounces  of  ready-mix 
bait  each.  Also  under  the  control  of  pest  control  personnel, 
herbicide  operations  required  only  two  herbicides,  Bromacil-borate 
Mixture  and  2,4-D.  A  vegetation  space  sprayer  was  used  for  2,4-D 
applications,  whereas  a  granular  spreader  mounted  on  a  railroad  car 
was  used  for  dispensing  the  Bromacil  along  railroad  i ight-of-ways 
(Hastriter  and  McLaurin,  1976) .  Table  I  of  Appendix  B  lists 
herbicides  and  pesticides  being  stored  at  the  Arsenal  at  the  time 
of  the  survey. 

The  October  1975  survey  report  cited  a  number  of  deficiencies 
in  pest  control  operations  and  practice.  Bulk  pesticides  were 
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stored  in  an  outdoor  storage  shed  which  also  housed  tractors, 
dispersal  equipment,  and  mowing  machinery.  Adjacent  to  and  part 
of  the  Building  544  herbicide-  and  pesticide-mixing  shop,  this 
storage  shed  was  provided  with  a  dirt  floor  enclosed  on  all  sides. 
The  dirt  floor  appeared  to  be  saturated  with  pesticides.  Empty 
pesticide  containers  were  punched  and  disposed  of  in  the  sanitary 
landfill.13  Pesticides  were  being  used  without  honoring  labeling 
instructions  (Hastriter  and  McLaurin,  1976) . 

In  October  1975,  pest  control  equipment  on  hand  at  the  Arsenal 
included  a  two-gallon  hand  sprayer,  a  100-gallon-capacity  turbine, 
an  insecticide  applicator,  a  chemical  dispersal  unit,  and  a  "towed- 
type"  vegetation  space  sprayer.  The  equipment  required  periodic 
replenishments  of  pesticide  solutions.  Normally,  water  was  added 
to  the  unused,  excess,  or  residue  solution,  and  the  resulting 
diluted  solution,  or  "rinse  water,"  was  disposed  of  by  spraying  or 
pouring  it  onto  the  ground  at  or  near  the  application  site.  The 
possibility  of  environmental  contamination  as  a  result  of  these 
operations  was  considered  minimal,  since  the  quantity  of  pesticide 
remaining  in  the  rinse  water  was  less  than  the  concentration  which 
was  originally  sprayed  (Hastriter  and  McLaurin,  1976;  Mack,  1985b). 
No  wastewater  was  generated  during  the  pesticide-mixing  process  at 
the  Building  544  herbicide  and  pesticide  shop  (Lynes,  1985,  pp. 
79-81)  .  The  1975  survey  report  recommended  contacting  the  United 
States  Environmental  Protection  Agency  for  the  approval  of  this 
and  other  suggested  methods  of  disposal  (Hastriter  and  McLaurin, 
1976)  . 

In  addition,  the  report  emphasized  the  need  for  changes  that 
the  Arsenal's  pest  management  program  in  pesticide  practices 


The  Arsenal's  sanitary  landfill  is  located  in  south- cent ra l  Section  30,  designated  as  Site  30-4 
(Ebasco,  1987). 
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storage  and  mixing  operations  (Hastriter  and  McLaurin,  1976)  . 
Subsequent  follow-up  pest  management  program  surveys  were  to  follow 
the  1975  pest  management  program  survey. 

Between  1975  and  1978,  the  Army  implemented  a  consolidated 
pesticide  sampling  program  as  part  of  a  scheduled  seven-year 
monitoring  study  of  the  presence  of  pesticides  at  a  number  of  Army 
installations.  Soil  and  sediment  samples  were  collected  from 
unspecified  Army  installations14  and  analyzed  for  Chlordane  and 
associated  compounds,  including  Technical  Chlordane,  oxychlordane, 
cis-Chlordane .  trans-Chlordane .  heptachlor,  heptachlor  expoxide; 
DDT  and  its  derivative  compounds,  o,p-DDT,  p-p-DDT,  o,p-DDE,  and 
p-p-DDE;  the  cyclodiene  group,  including  Aldrin,  Dieldrin,  and 
Endrin;  the  organophosphate  group,  including  Malathion,  Chlor- 
pyrifos,  Diazinon,  Parathion,  and  Ronnel;  and  benzene  hexachloride 
(BHC)  and  Lindane  (McDermott,  1981)  . 

f) 

This  pesticide  monitoring  study  concluded  that  the  highest 
concentrations  of  pesticides  at  Army  installations  using  pesticides 
normally  were  found  in  pesticide  shop  and  storage  areas,  followed 
by  sewage  treatment,  landfill,  and  residential  areas.  Sediment 
samples  had  the  lowest  concentrations  of  pesticides  in  the  same 
context.  By  offering  a  comparison  of  one-time  installation 
sampling  with  the  interinstallation,  multi-year  sampling  which 
revealed  "normal"  concentration  levels,  this  study  also  provided 
a  basis  for  the  identification  of  potential  "problem”  areas.  The 
mean  transformed  totals,  by  land  use  area  for  1975-1978,  determined 
by  the  study  were  as  follows:  sediment,  less  than  0.13  part  per 
million;  residential  areas,  between  0.25  and  0.5  part  per  million; 


14 

Rocky  Mountain  Arsenal  fray  have  participated  in  the  sampling,  since  during  the  subject  period  at  least 
two  pesticide  monitoring  surveys  were  conducted  at  the  Arsen.il  by  the  United  States  environmental  Hygiene 
Agency,  the  overseer  of  the  four-year  sampling  progr/ww.  The  first  monitoring  survey  took  place  between  July 
14  and  13,  1975,  and  the  second  between  March  29  and  Aoril  2,  1976.  The  results  were  apparently  not  reported 
independent l y  of  the  multi-year  study  (Johnston,  1975;  Johnston,  1976a;  Johnston,  1976b). 
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shop  and  storage  areas,  between  2.5  and  3.5  parts  per  million;  and 
other  selected  areas,  between  0.75  and  0.53  part  per  million 
(McDermott,  1981) .  Table  II  of  Appendix  C  summarizes  the  "normal" 
pesticide  and  herbicide  concentration  levels  in  soil  and  sediment 
samples  taken  from  selected  Army  installations  where  herbicides  and 
pesticides  are  known  to  have  been  used  for  pest  and  vegetation 
control . 

Between  1975  and  1978,  the  Army  conducted  a  study  to  evaluate 
the  distribution  of  pesticides  in  the  soil  and  biota  of  the 
environment  of  Rocky  Mountain  Arsenal,  on  the  basis  of  a  compara¬ 
tive  analysis  of  samples  collected  from  the  Arsenal  and  33  other 
installations  in  1975.  Table  III  in  Appendix  C  gives  the  number 
of  pesticides,  means,  and  concentrations  for  all  pesticides 
detected  in  the  Arsenal's  substrates  in  the  course  of  this  study. 
The  study  indicated  that  under  "good"  pest  practices,  pesticide 
concentrations  in  various  environmental  media  rarely  would  exceed 
the  following  levels:  5.0  parts  per  million  (ppm)  in  soil,  0.1  ppm 
in  sediment,  and  1.0  ppm  in  fish  and  birds.  Using  these  criteria, 
the  study  concluded  that  the  Arsenal's  pesticide  shop  and  pesticide 
storage  areas,  sewage  disposal  plant,  recreational  areas,  and 
impoundments  had  excessive  levels  of  pesticide  concentrations.  In 
general,  environmental  contamination  by  pesticides  appeared  to  be 
in  excess  of  that  which  would  be  expected  to  result  from  recognized 
pest  management  practices.  However,  the  study  made  no  effort  to 
identify  other  potential  sources  of  pesticide  contamination,  i.e., 
pesticide  production  activities  conducted  by  lessees  of  the  Army 
(Olds  et  al .  ,  1978)  .  Table  IV  in  Appendix  C  summarizes  the 
pertinent  findings  and  conclusions  of  the  study. 

In  July  of  1976,  the  Center  for  Disease  Control  of  the  U.S. 
Department  of  Health,  Education  and  Welfare  at  Fort  Collins, 
Colorado  identified  the  plague  bacillus  (Yersina  pestis)  in  fleas 


9:47pr, 

1 i t-rev.pes 


17 


3  May,  1939 


»^.t— ...... _ _ . ... . _ , ... _ .  ■  '  .  ' _ 


... — 


collected  from  the  burrows  of  black-tailcd  prairie  dogs  in  a  colony 
at  Rocky  Mountain  Arsenal.  Based  on  the  increased  incidence  of 
plague  in  Colorado,  both  the  Center  for  Disease  Control  and  the 
Colorado  Department  of  Health  recommended  that  flea  control 
measures  be  instituted  immediately  in  prairie  dog  towns  adjacent 
to  areas  frequented  by  humans  at  Rocky  Mountain  Arsenal  (Phillips, 
1976) .  As  a  further  precautionary  measure,  the  Army  decided  in 
August  1976  to  eliminate  all  potentially  infected  prarie  dogs  in 
these  areas  (Johnston,  1976) . 


Approximately  1,000  acres  of  land  infested  with  prairie  dogs 
were  identified  and  quarantined  pending  the  implementation  of 
control  measures  to  reduce  flea  indices  to  less  than  0.3  per  burrow 
(Phillips,  1976)  .  To  achieve  the  necessary  objective,  the  affected 
acreage  in  Sections  2,  3,  9,  22,  25,  26,  28,  31,  33,  35  and  36  was 
first  dusted  with  approximately  2, ICO  pounds  of  flea  control 
registered  10  percent  Sevin  (Carbaryl)  and  1,100  pounds  of  non-flea 
control  Sevin  (Carbaryl) (Phillips,  1976;  Fairbanks  and  Pelle,  1976; 
Johnston,  1976c;  Byrne,  1976) .  Subsequently,  an  estimated  200 
pounds  of  2  percent  zinc  phosphide  bait  was  applied  at  a  lethal 
dose  rate  of  4  grams  per  burrow.  The  control  measures  implemented 
resulted  in  the  elimination  of  approximately  6,000  prairie  dogs 
(Johnston,  1976c;  Turner,  1976). 


In  1977,  the  Army  revised  the  land  management  plan  for  Rocky 
Mountain  Arsenal.  Overall,  the  revised  plan  aimed  to  effect  an 
updated  coordination  of  all  land  use  and  grounds  maintenance 
activities  at  the  Arsenal.  Subsection  program  provisions  detailed 
approved  methods  for  the  control  of  insects  and  weed  growth  and  the 
maintenance  of  shrubs  and  trees  (Shogren,  1977)  . 


Soil  sterilants  were  used  to  keep  ammunition  storage  magazines 
free  from  all  plant  growth.  Additional  control  measures  were 
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directed  at  the  Russian  thistle,  which  dominated  at  the  edges  of 
cultivated  fields,  along  railroad  tracks  and  roadways,  and  in 
unused  fields.  A  solution  of  2,4-D  was  used  to  keep  this  weed  in 
check.  The  areas  around  storage  tanks,  security  fence  lines,  and 
railroad  rights  of  way  were  all  treated  with  Ureabor,  a  granular, 
nonselective  soil  sterilant.  Power  poles  and  substations  were 
treated  in  the  same  manner  (Shogren,  1977) .  Trees,  shrubs,  and 
evergreens  surrounding  the  administration  quarters  were  sprayed 
with  organic  phosphates  to  control  chewing  insects.  Malathion  was 
used  to  control  sucking  insects  in  this  area,  and  spraying  occurred 
on  a  weekly  basis,  or  when  necessary.  According  to  the  maintenance 
plan,  one  quart  of  57  percent  Malathion  emulsifying  concentrate  was 
mixed  with  100  gallons  of  water  and  sprayed  as  a  wet  spray.  A 
3-percent  Malathion  emulsion  was  used  for  residual  applications 
(Shogren,  1977)  . 

In  late  1977,  the  Army  was  storing  approximately  two  tons  of 
DDT  for  the  Colorado  Department  of  Health  in  Building  643  on  the 
Arsenal.  On  April  4,  1973,  the  Army  transferred  the  supply  of  DDT 
off  the  Arsenal  to  Buckley  Air  National  Guard  Base  (Emerson,  1978a; 
Emerson,  1978b;  Rodger,  1977b) . 

In  1979,  the  Army  conducted  an  installation  pest  management 
program  review  at  the  Arsenal.  The  resulting  report  disclosed  the 
following  information.  A  14-gallon  metal  drum  containing  85 
percent  Naled  was  stored  in  the  shed  adjacent  to  Building  544.  In 
addition,  10  gallons  of  an  unidentified  pesticide  remained  stored 
in  a  55-gallon  metal  drum  in  the  storage  shed.  No  disposition  of 
this  substance  was  possible  until  it  had  been  accurately  iden¬ 
tified.  Four  5-gallon  drums  of  Ded-Wced15  remained  stored  at  the 
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Arsenal,  pending  plans  for  final  disposition  following  the 
Environmental  Protection  Agency's  suspension  of  the  use  of  2,4,5-T 
in  February  1979.  Finally,  the  report  noted  that  bulk  quantities 
of  pesticides  were  stored  in  Buildings  616  and  618.  These 
buildings  were  the  supply  division  warehouses,  and  contained  in 
excess  500  gallons  of  unidentified  pesticides  (Grodt,  1979). 

The  1979  installation  pest  management  program  report  contained 
a  discussion  of  pest  control  programs  that  were  currently  in 
operation.  Action  was  being  taken  to  control  the  rodent  popula¬ 
tion.  Anticoagulant  poison  was  used  to  bait  rodent  feeding 
stations  along  interior  walls  in  Building  362.  This  same  control 
method  was  used  in  Building  333  (Grodt,  1979).  Mosquito  surveil¬ 
lance  had  begun  on  August  1,  1978.  The  old  barracks  area  and 
Building  333  were  targets  of  this  investigation.  Adult  mosquitoes 
were  sprayed  with  3-  and  5-  percent  concentrations  of  Malathion, 
57  percent  EC.  Mosquito  larvae  were  also  treated  with  Malathion 
at  a  rate  of  approximately  13  fluid  ounces  per  acre  (Grodt,  1979). 

Following  the  pest  management  program  review,  the  Arsenal 
adopted  a  number  of  the  recommendations  contained  in  the  report. 
The  drum  of  Haled  was  tu  be  repackaged  for  storage  in  accordance 
with  the  appropriate  regulations.  Malathion  was  to  be  applied  in 
accordance  with  label  directions  and  Environmental  Protection 
Agency  regulations.  Pending  the  construction  of  a  new  pest  control 
shop,  pesticide  rinse  water  was  to  be  disposed  by  spraying  over  a 
large  outdoor  area  (Mack,  1979). 

Another  pest  management  pregram  review  was  conducted  in  early 
1930.  By  this  time,  the  construction  of:  a  new  pest  control  shop 
replacing  Building  54-1  had  been  completed  in  Building  742  .  The 
program  review  report  noted  the  following:  1)  Pesticides  stored 
prior  to  disposal  by  tb«»  supply  division  in  Buildings  616  and  64  3 
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for  the  most  part  contained  2,4-D  and  2,4-D  -  2,4,5-T;  2)  The  14- 
gallon  drum  containing  85  percent  Naled  in  need  of  repackaging  was 
being  stored  in  Building  742;  and  3)  12  four-pound  containers  of 
Wilco  Ground  Squirrel  Bait,  use  of  which  was  not  permitted  in 
Colorado,  were  being  stored  in  Building  643  .  It  was  hoped  that  the 
substance  could  be  returned  to  the  manufacturer  or  transferred  to 
California,  where  its  use  was  permitted  (Grodt,  1980) . 

During  1980,  a  new  mosquito  control  program  was  implemented 
at  the  Arsenal.  This  program  was  run  jointly  by  P.ocky  Mountain 
Arsenal  and  the  City  of  Denver,  Department  of  Public  Health.  As 
a  result  of  this  program,  adult  mosquitoes  m  areas  of  vegetation 
were  controlled  with  a  mixture  of  2-percent  solution  of  Malathion 
and  0.12  percent  Carbaryl.  A  2-percent  solution  of  Malathion  was 
applied  to  standing  water  to  control  larval  mosquito  development 
(Grodt,  1930). 

In  1981,  a  further  pest  management  program  review  was 
conducted  at  the  Arsenal.  The  metal  drum  containing  Naled 
mentioned  in  the  previous  review  was  still  present  and  was  being 
stored  in  Building  643  (Grodt,  1981).  The  program  review  noted 
the  additional  problem  presented  by  twenty-two  55-gallon  drums 
containing  DDT.  These  drums  were  stored  in  Building  616  pending 
final  disposition  by  the  Army's  defense  property  disposal  office. 
It  was  recommended  that  these  drums  be  transferred  to  Building  643 
and  stored  in  accordance  with  Environmental  Protection  Agency 
regulations  (Grodt,  1981).  In  September  1981,  the  defense  property 
disposal  office  received  all  records  relating  to  the  stored  DDT. 
On  September  18,  it  reported  that  the  DDT  had  been  sold  and  that 
the  defense  property  disposal  office  was  awaiting  Environmental 
Protection  Agency  clearance  to  remove  the  DDT  from  storage  in 
Building  616  (Heim,  1981). 
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The  mosquito  control  program,  run  jointly  by  the  Arsenal  and 
the  City  of  Denver  Department  of  Health,  continued  in  1901.  A 
mixture  of  2  percent  Malathion  and  0.12  percent  Carbary 1  was 
sprayed  on  vegetation  to  eliminate  adult  mosquitoes.  A  2-percent 
solution  of  Malathion  was  applied  to  standing  water  fcr  larval 
mosquito  control  (Grodt,  1981). 

The  use  of  herbicides  and  pesticides  was  reported  by  Arsenal 
personnel  on  a  monthly  basis  in  compliance  with  Army  requirements 
derived  from  the  1972  regulation  governing  the  use  of  herbicides 
and  pesticides.  Unfortunately,  available  records  enable  the 
reconstruction  of  a  comprehensive  record  only  for  the  period  1979 
through  1985.  During  March  1979,  Diazinon  was  used  as  a  residual 
treatment  in  residential  and  warehouse  areas  to  control  cockroaches 
and  spiders.  Anticoagulants  were  used  to  control  rodents  in  some 
industrial  areas.  Pyrethrum  was  used  in  soma  warehouse  areas  to 
control  food  posts,  and  Bromacil-borate  Mixture  was  used  in  open 
areas  with  underbrush  for  all  vegetation  (Marlow,  1979a) . 

In  April  1979,  Diazinon  and  Bromacil-borate  Mixture  were  used 
in  the  pest  control  program.  Diazinon  was  used  in  residual 
treatments  of  cockroaches  for  2,000  square  feet  of  warehouse  space. 
Bromacil-borate  Mixture  was  used  as  a  sterilant  for  vegetation  on 
four  acres  of  open  field  (Marlow,  1979b) .  During  May,  mosquitoes 
were  treated  with  Malathion,  and  food  pests  were  controlled  with 
Pyrethrum.  Diazinon  was  used  in  the  warehouse  areas  for  other 
insects  (Sutherland,  1979).  In  June,  mosquitoes  in  various  parts 
of  the  Arsenal  were  treated  with  Carbaryl  or  Malathion.  Bromacil- 
borate  Mixture,  Dursban,  Timec,  and  Pyrethrum  were  also  used  during 
this  month  (Marlow,  1979c) . 

Carbaryl,  Malathion,  and  Pyrethrum  were  used  during  July  1979. 
Those  substances  were  used  to  control  mosquitoes  and  ants  in  open, 
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grassy  fields  and  in  the  warehouse  area  (Marlow,  1979d)  .  In 
August,  Carbaryl  was  used  at  food  handling  buildings  to  control 
ants  (Marlow,  1979e) . 

In  September  1979,  anticoagulants  were  used  on  mice  in  over 
57,000  square  feet  of  warehouse  space,  230,000  square  feet  of 
industrial  space,  and  6,000  square  feet  of  office  areas  and/or  food 
handling  areas.  In  addition,  610,000  cubic  feet  of  warehouse  space 
were  treated  with  Pyrethrum  and  9,000  square  feet  were  treated  with 
Diazinon  (Marlow,  1979f) . 

In  October  1979,  another  610,000  cubic  feet  of  warehouse  space 
were  treated  with  Pyrethrum.  Diazinon  was  used  in  11,000  square 
feet  of  warehouse  space  as  well.  Anticoagulants  were  spread  over 
33,000  square  feet  of  office  and  industrial  space.  Finally, 
Bromacil-borate  Mixture  was  used  on  eight  acres  of  open,  grassy 
fields  to  control  all  vegetation  (Marlow,  1979g) . 

Anticoagulants  were  used  in  November  and  December  1979,  to 
control  mice  in  27,000  square  feet  of  industrial  space  and  3,000 
square  feet  of  office  space.  Bromacil-borate  Mixture  was  spread 
over  12  acres  of  grassy,  open  field  to  control  all  vegetation 
(Marlow.  1979h;  Marlow,  1980a). 

From  January  through  April  1980,  anticoagulants  to  control 
mice  were  used  on  90,000  square  feet  of  warehouse  space  and  12,000 
square  feet  of  industrial  area.  Diazinon  was  used  on  3,000  square 
feet  of  warehouse  area  and  1,000  square  feet  of  food-handling 
space.  In  addition,  Bromacil-borate  Mixture  was  used  to  control 
all  vegetation  on  an  acre  of  open,  grassy  field  during  January, 
February,  and  March.  Curing  March  1980,  2,000  square  feet  of 
office  space  were  treated  with  Carbaryl,  and  610,000  cubic  feet  of 
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warehouse  area  were  treated  with  Pyrathrum  to  control  food  pests 
(Marlow,  1980b;  Marlow,  1980c;  Marlow,  1980d;  Marlow,  1980e) . 

In  June  1930,  anticoagulants  were  used  to  control  mice  in 
37,000  square  fee;  of  warehouse  space  and  12,000  square  feet  of 
industrial  area,  .'.‘arbaryl  was  spread  over  15  acres  of  open,  grassy 
field  to  control  mosquitoes  and  five  acres  of  the  same  terrain  to 
eliminate  leaf-chawing  insects.  Warehouse  areas  totaling  4,000 
square  feet  were  sprayed  with  Diazinon  as  were  2,000  square  feet 
of  residential  area.  In  addition,  Diguat  was  sprayed,  by  hand, 
over  eight  acres  of  a  surface  impoundment  to  control  aquatic  weeds. 
Malathion  was  spread  over  open,  grassy  fields  totaling  125  acres 
to  control  mosquitoes  and  culicoids.  Finally,  four  acres  of 
surface  impoundment  were  treated  for  mosquitoes  with  Naled,  and 
zinc  phosphite  was  used  on  four  acres  of  open,  grassy  field  to 
control  prairie  dogs  (Marlow,  1980f ) . 

During  July  1980,  mice  were  controlled  by  placing  anti¬ 
coagulants  in  bait  covering  18,000  square  feet  of  warehouse  space. 
Also,  Carbaryl  was  used  to  combat  leaf-chewing  insects  on  two  acres 
of  open,  grassy  field,  and  Diazinon  was  used  to  treat  2,000  square 
feet  of  warehouse  space  and  2,000  square  feet  of  residential  area. 
Malathion  was  used  to  control  culicoids  on  177  acres  of  open, 
grassy  field.  The  herbicide  Borate-2, 4-D  was  used  on  five  acres 
of  similar  terrain  (Marlow,  1980g) . 


In  August  1980,  anticoagulants  again  were  used  to  combat  mice 
in  43,000  square  feet  of  industrial  area  and  3,000  square  feet  of 
office  space.  Herbaceous,  broad-leaf  w«aeds  were  controlled  on 
three  acres  of  open,  grassy  field  through  the  use  of  Borate-2 , 4 -D. 
Malathion  was  spread  over  thirty-five  acres  of  the  same  terrain  to 
eliminate  culicoids,  and  Bromacil -borate  Mixture  was  spread  over 
one  acre  to  control  all  vegetation  (Sutherland,  1980) . 
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During  September  I960,  Diquat  was  employed  to  control  aquatic 
weeds  in  a  ten-acre  area  of  A  warehouse  area  totaling  2,000  square 
feet  was  treated  with  Dia2inon  to  eliminate  food  pests.  Finally, 
54,000  square  feet  of  warehouse  area  and  45,000  square  feet  of 
industrial  area  were  treated  with  anticoagulants  used  in  bait  for 
mice  (Marlow,  1980h) . 

In  October  1980,  warehouse  areas  totaling  1,280,000  cubic  feet 
were  fumigated  with  Pyrethrum  to  eliminate  food  pests.  Cockroaches 
were  controlled  with  Diazinon  in  2,000  square  feet  of  both 
industrial  and  warehouse  areas.  Bromacil-borate  Mixture  was 
sprayed  over  seven  acres  of  open,  grassy  field  to  control  all 
vegetation.  Finally,  Borate-2 ,4-D  was  sprayed  over  34  acres  of 
similar  terrain  to  eliminate  herbaceous,  broad-leaf  weeds,  and 
Diquat  was  used  against  aquatic  weeds  (Marlow,  1980i) . 

In  November  1980,  anticoagulants  in  mice  bait  were  used  in 
102,000  square  feet  of  industrial  space,  99,000  square  feet  of 
warehouse  area,  and  3,000  square  feet  of  both  office  and  food¬ 
handling  areas.  In  December,  45,000  square  feet  of  industrial 
areas  and  12,000  square  feet  of  warehouse  areas  were  treated.  In 
addition,  vegetation  was  controlled  in  open,  grassy  fields  with 
Bromacil-borate  Mixture.  During  each  month,  three  acres  were 
treated.  Finally,  Diazinon  was  used  to  eliminate  spiders  in  7,000 
square  feet  of  warehouse  space  (Marlow,  1930j;  Marlow,  1981a). 


,’n  February  1981,  anticoagulants  were  used  on  84,000  square 
feet  of  warehouse  space  and  42,000  square  feet  of  industrial  area. 
Vegetation  on  one  acre  of  open,  grassy  field  was  controlled  with 
Bromacil-borate  Mixture,  and  Diazinon  was  used  to  treat  9,000 
square  feet  of  warehouse  space  and  1,000  square  feet  of  .industrial 
area  (Marlow,  1981b) .  No  activity  was  reported  during  March,  and 
there  were  only  limited  projects  during  April.  In  this  month, 
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vegetation  on  eight  acres  of  open,  grassy  fields  was  controlled 
with  Bromacil-borate  Mixture,  and  grassy  weeds  were  controlled  on 
three  acres  of  the  same  terrain  using  DCPA  (2, 3 , 5, 6-tetrachloro- 
terephthalic  acid).  Finally,  6,000  square  feet  of  warehouse  space 
were  treated  with  Diazinon  (Marlow,  1581c) . 

During  May  1981,  twelve  acres  of  open,  grassy  terrain  were 
treated  with  Carbaryl  and  Malathion  to  eliminate  mosquitoes. 
Diazinon  was  used  on  1,000  square  feet  of  residential  area,  8,000 
square  feet  of  warehouse  area,  3,000  square  feet  of  industrial 
area,  and  one  acre  of  open,  grassy  field.  Anticoagulants  in  mice 
bait  were  placed  on  3,000  square  feet  of  residential  space,  and 
610,000  cubic  feet  of  warehouse  space  were  sprayed  with  Pryethrum. 
Finally,  Borate-2, 4-D  was  spread  over  one  acre  of  open,  grassy 
field  to  control  broad-leaf  weeds  (Marlow,  1981d) . 

During  June  1981,  anticoagulants  were  used  again  in  mice  bait. 
Warehouse  areas  totaling  105,000  square  feet  were  treated  in  this 
manner.  Also,  Carbaryl  and  Malathion  were  used  on  48  acres  of 
open,  grassy  field  to  control  leaf-chewing  insects  and  culicoids. 
Diazinon  was  used  on  2,000  square  feet  of  office  space,  and 
warehouse  space  totaling  5,000  square  feet.  Finally,  640,000  cubic 
feet  of  office  space  were  sprayed  with  Pyrethrum  to  control  moths, 
and  Borate-2, 4-D  was  used  to  control  broad-leaf  weeds  on  seven 
acres  of  open,  grassy  field  (Marlow,  1981e). 

In  July  1981,  15,000  square  feet  were  treated  for  mice  with 
anticoagulants.  Carbaryl,  to  combat  leaf-chewing  insects,  and 
Malathion,  to  get  rid  of  culicoids,  were  spread  over  36  acres  of 
open,  grassy  field.  The  herbicide  Borate-2, 4-D  was  spread  on  three 
acres  of  similar  terrain,  and  Diazinon  was  used  on  12,000  square 
feet  of  warehouse  space.  Finally,  Diquat  was  used  to  combat 
aquatic  weeds  on  the  surface  impoundment,  and  1,240,000  cubic  feet 
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of  warehouse  area  were  treated  with  Pyrethrum  to  control  food  pests 
(Marlow,  1981f) . 

Pest  control  activities  during  August  and  September  were 
similar.  During  these  two  months,  mice  were  controlled  with 
anticoagulants  in  79,000  square  feet  of  industrial  space  and  9,000 
square  feet  of  office  space.  Diazinon  was  used  against  ants, 
cockroaches,  and  spiders  in  7,000  square  feet  of  warehouse  area, 
2,000  square  feet  of  office  area,  and  2,000  square  feet  of 
industrial  space.  Finally,  in  September,  Pyrethrum  was  used  on 
640,000  cubic  feet  of  warehouse  space  to  control  food  pests 
(Marlow,  1981g;  Marlow,  1981h) . 

During  October  1981,  anticoagulants  were  used  to  eliminate 
mice  in  21,000  square  feet  of  industrial  area  and  90,000  square 
feet  of  warehouse  space.  Calcium  cyanide  was  spread  over  25  acres 
of  open,  grassy  field  to  control  prairie  dogs.  Three  acres  of 
similar  terrain  were  treated  with  2,4-D  to  control  broad-leaf 
weeds.  Also,  Carbaryl  and  Malathion  were  applied  to  an  additional 
four  acres  to  combat  culicoids.  Finally,  Diazinon  was  used  on 
warehouse  space  totaling  8,000  square  feet  and  1,000  square  feet 
of  residential  area  (Marlow,  1931i) . 

In  November  1981,  120,000  square  feet  of  industrial  area  and 
45,000  square  feet  of  warehouse  space  were  treated  with  anticoagu¬ 
lants.  Mice  were  controlled  on  31,000  square  feet  of  open,  grassy 
field,  21,000  square  feet  of  warehouse  space,  and  15,000  square 
feet  of  industrial  space  with  the  same  substance  in  the  following 
month.  Bromacil-borate  Mixture  was  used  on  four  acres  of  open, 
grassy  field  to  control  all  vegetation.  Calcium  cyanide  was  used 
on  33  acres  of  the  same  terrain  to  combat  prairie  dogs.  Finally, 
Diazinon  was  used  to  control  spiders  in  warehouse  areas  totaling 
24,000  square  feet  (Marlow,  1981j;  Marlow,  1981k). 
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Between  January  and  May  1982,  pest  control  activities  were 
directed  primarily  at  mice  and  spiders.  Anticoagulants  were  used 
to  control  mice  on  225,000  square  feet  of  warehouse  space,  51,000 
square  feet  of  industrial  area,  9,000  square  feet  in  food-handling 
buildings,  and  30  acres  of  open,  grassy  fields.  Spiders  were 
controlled  with  Diazinon  in  48,000  square  feet  of  warehouse  space, 
2,000  square  feet  of  food  handling  space,  and  2,000  square  feet  of 
residential  area.  In  addition  to  these  projects,  Bromacil-borate 
Mixture  was  spread  over  nine  acres  of  open,  grassy  field  to  control 
all  vegetation.  Also,  Diazinon,  was  used  to  combat  ants  on  2,000 
sauare  feet  of  both  industrial  and  food-handling  areas  (Marlow, 
1982a;  Marlow,  1982b;  Marlow,  1982c;  Marlow,  1982d) . 

During  June  1982,  food  pests  were  sprayed  with  Pyrethrum  in 
a  warehouse  area  encompassing  90,000  cubic  feet.  Various  insects 
were  treated  with  Diazinon  in  19,000  square  feet  of  warehouse 
space,  3,000  square  feet  of  industrial  space,  and  2,000  square  feet 
in  food-handling  buildings,  residential  areas,  and  office  space. 
Malathion  and  Carbaryl  were  used  on  11  acres  of  open,  grassy  fields 
to  combat  culicoids  and  on  one  acre  to  combat  mice.  Malathion  was 
also  used  on  10  acres  of  surface  impoundment  against  mosquitoes. 
Finally,  calcium  cyanide  was  used  to  control  prairie  dogs  on  four 
acres  of  open,  grassy  field  (Marlow,  1932e) . 

During  July  1982,  Roundup,  an  uncombined  herbicide,  was  spread 
over  three  acres  and  12,000  square  feet  of  open,  grassy  field  to 
combat  grassy  weeds.  Anticoagulants  were  used  on  6,000  square  feat 
of  both  industrial  and  residential  areas.  Two  acres  of  open, 
grassy  fields  were  treated  with  Malathion  and  Carbaryl  to  eliminate 
culicoids.  One  acre  of  similar  terrain  was  sprayed  with  Bromacil- 
borate  Mixture  to  control  all  vegetation.  Also,  aquatic  weeds  in 
eight  acres  of  the  surface  impoundment  were  treated  with  Diquat. 
Finally,  Pyrethrum  was  used  on  132,000  cubic  feet  of  warehouse 
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space,  and  Diazinon  was  used  on  4,000  square  feet  of  warehouse 
space  (Marlow,  1982f) . 


No  pest  control  reports  have  been  located  for  August  through 
November  1982.  However,  a  command  health  report  for  November 
states  that  pest  control  activities  during  that  month  emphasized 
weed  control,  mice  baiting,  and  spider  and  cockroach  control 
through  the  use  of  Diazinon  (Lewis,  1982) .  In  December, 
anticoagulants  were  used  to  control  mice  in  9,000  square  feet  of 
industrial  areas  and  12,000  square  feet  of  warehouse  space.  Also, 
Diazinon  was  used  on  17,000  square  feet  of  warehouse  space  to 
eliminate  spiders  (Marlow,  1983a). 


During  January  1983,  18,000  square  feet  of  warehouse  space 
were  treated  with  anticoagulants,  and  Diazinon  was  used  on  5,000 
square  feet  of  warehouse  space  to  control  spiders  and  termites 
(Marlow,  1983b;  Smith,  1983)  .  During  the  next  two  months,  more 
pesticide  use  was  reported.  In  February,  148,000  square  feet  of 
industrial  space  and  33,000  square  feet  of  warehouse  space  were 
treated  with  anticoagulants.  Diazinon  was  used  on  14,000  square 
feet  of  warehouse  area  and  1,000  square  feet  in  food-handling 
buildings.  Vegetation  on  two  acres  of  open,  grassy  fields  was 
treated  with  Bromacil-borate  Mixture,  and  zinc  phosphide  was  used 
on  three  acres  to  control  prairie  dogs  (Unauthored,  1983)  .  During 
March,  Diazinon  was  used  on  3,000  square  feet  of  warehouse  space. 
Mice  were  controlled  with  anticoagulants  spread  throughout  42,000 
square  feet  of  industrial  space  and  3,000  square  feet  of  warehouse 
area.  Strychnine  was  also  used  to  eradicate  mice  over  a  four-acre 
plot  of  open,  grassy  field  (Marlow,  1983c) . 


In  April  1983,  strychnine  and  anticoagulants  again  were  used 
to  control  mice.  Strychnine  was  applied  to  three  acres,  and 
anticoagulants  were  applied  to  15  acres  of  open,  grassy  fields. 
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Anticoagulants  were  also  applied  to  15,000  square  feet  of  in¬ 
dustrial  space  and  66,000  square  feet  of  warehouse  space.  Diazinon 
was  used  to  control  ants  within  1,000  square  feet  of  industrial 
areas.  Finally,  five  acres  of  land  were  treated  with  zinc 
phosphide  to  control  prairie  dogs,  and  Bromacil-borate  Mixture  was 
used  to  control  all  vegetation  on  one  acre  of  open,  grassy  field 
(Marlow,  1933d) . 

During  May  1983,  two  plus  acres  of  open  field  were  treated 
with  Diquat  to  reduce  grassy  weeds.  Herbicide  2,4-D  was  applied  to 
39  acres  of  similar  terrain  to  eliminate  broad-leafed  weeds. 
Malathion  and  Phostoxin16  were  spread  on  four  acres  of  land  to 
control  culicoids  and  prairie  dogs,  respectively.  Diazinon  use 
during  this  period  included  treatment  of  16,000  square  feet  of 
warehouse  space  and  1,000  square  feet  each  in  industrial  areas  and 
food-handling  areas.  Finally,  Pyrethrum  was  used  in  warehouse 
areas,  and  anticoagulants  were  used  in  3,000  square  feet  of 
industrial  space  to  control  mice  (Marlow,  1983e) . 

In  June  1983,  anticoagulants  were  used  to  eliminate  mice  in 
6,000  square  feet  of  residential  areas  and  8,000  square  feet  of 
warehouse  space.  Diazinon  was  used  in  15,000  square  feet  of 
warehouse  space,  1,000  square  feet  of  food-handling  areas,  and  14 
acres  of  open,  grassy  fields.  In  addition,  one  acre  of  land  was 
treated  with  aluminum  phosphide  to  control  prairie  dogs,  Bromacil- 
borate  Mixture  was  used  on  three  acres  to  control  all  vegetation, 
Malathion  was  used  on  seven  acres,  and  Diquat  was  spread  over  five 
acres  to  control  grassy  weeds.  Finally,  30  acres  of  similar 
terrain  were  treated  with  2,4-D  to  eradicate  broad-leaf  weeds 
(Marlow,  1983f) . 


1 6 

A  rodenticide.  produced  by  Oegesch  America  Incorporated,  Weyers  Cave,  Virginia,  consisting  of  55 
percent  atuninua  phosphide  and  inert  substances  for  the  remainder  (.fact,  1535a;  Polchow,  1932).  Approval  to 
use  Phostoxin  was  issued  cn  August  3,  1933  (Marten,  1933). 
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During  July,  the  Army  emphasized  the  treatment  of  open  grassy 
fields  on  the  Arsenal.  Ten  acres  were  treated  with  Kalathion,  24 
acres  were  treated  with  Borate-2 , 4-D,  and  six  acres  were  treated 
with  Diquat.  In  addition,  Carbaryl  was  used  on  20  acres  to  control 
leaf-chewing  insects,  Phostoxin  was  used  on  five  acres  for  prairie 
dogs,  and  Bromacil-borate  Mixture  was  sprayed  on  two  acres  to 
control  vegetation.  Other  pest  control  activities  included  the 
application  of  Diazinon  in  warehouse  areas  totaling  13,000  square 
feet.  Another  63,000  square  feet  were  treated  with  anticoagulants, 
and  230,000  cubic  feet  of  warehouse  space  were  treated  with 
Pyrethrum  to  control  food  pests  {Marlow,  1983g) . 

In  August  1983,  mice  were  eradicated  by  using  anticoagulants 
in  warehouse  areas  encompassing  33,000  square  feet.  Pyrethrum  was 
used  to  kill  cockroaches  in  435,000  cubic  feet  of  warehouse  space. 
Diazinon  was  used  in  11,000  square  feet  of  warehouse  space,  2,000 
square  feet  of  food  handling  areas,  and  1,000  square  feet  of 
residential  space.  In  addition,  11  acres  of  open,  grassy  fields 
were  treated  for  leaf-chewing  insects  with  Carbaryl,  18  acres  were 
treated  with  Borate-2, 4-D  for  broad-leaf  weeds,  and  two  acres  were 
treated  with  Diquat.  Finally,  six  acres  of  the  same  terrain  were 
treated  with  Phostoxin  to  eliminate  prairie  dogs.  Malathion  was 
used  on  five  acres  (Marlow,  1983h) . 

During  the  final  four  months  of  1983,  aluminum  phosphide  was 
used  to  control  prairie  dogs  on  18  acres  of  open,  grassy  field. 
Diazinon  was  used  on  25,000  square  feat  of  warehouse  space,  2,000 
square  feet  of  industrial  space,  1,000  square  feet  of  food-handling 
areas,  and  2,000  square  feet  of  hospital  or  laboratory  areas  to 
eliminate  cockroaches.  In  addition,  Pyrethrum  was  used  on  64,000 
square  feet  of  both  warehouse  and  food-handling  areas.  Anticoagu¬ 
lants  were  used  to  control  mice  on  120,000  square  feet  of  warehouse 
space,  54,000  square  feet  of  industrial  areas,  13,000  square  feet 
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of  food-handling  areas,  and  3,000  square  feet  of  both  office  and 
hospital  or  laboratory  areas.  Finally,  anticoagulants  were  used 
on  16  acres  of  open,  grassy  fields.  Borate-2, 4-D  was  used  on  eight 
acres,  and  Phostoxin  was  used  on  four  acres  of  the  same  terrain 
(Marlow,  1983i;  Marlow,  1983 j  ;  Marlow,  1983k;  Marlow,  1984a). 


In  the  winter  and  early  spring  of  1984,  anticoagulants  once 
again  were  used  to  control  mice  throughout  various  parts  of  the 
Arsenal.  Approximately  183,000  feet  of  warehouse  space  were 
treated,  as  were  66,000  square  feet  of  industrial  areas,  15,000 
square  feet  of  food-handling  areas,  and  42  acres  of  open,  grassy 
fields.  Diazinon  was  used  on  39,000  square  feet  of  warehouse  areas 
and  3,000  square  feet  of  food-handling  areas.  Finally,  vegetation 
on  four  acres  of  land  was  treated  with  the  herbicide  Hyvarx,  and 
an  additional  two  acres  were  treated  with  Bromacil-borate  Mixture 
(Marlow,  1984b;  Unauthored,  1984a;  Unauthored,  1984b;  Unauthored, 
1984c) . 

During  May  1984,  the  focus  of  activity  was  the  treatment  of 
open,  grassy  fields.  Malathion  was  sprayed  on  13  acres,  Diazinon 
was  applied  to  seven  acres,  and  Phostoxin  was  used  to  combat 
prairie  dogs  on  four  acres.  All  vegetation  on  a  four-acre  plot 
was  treated  with  Bromacil-borate  Mixture.  In  addition,  Diquat  was 
used  on  six  acres  to  control  aquatic  weeds,  Borate  -  2, 4-D  was  used 
on  broad-leaf  weeds  covering  114  acres,  and  2, 4-D  -  2,4,5-T  was 
used  on  70  acres.  Finally,  Trifluralin  was  applied  to  13  acres, 

2. 4- D  was  used  on  40  acres,  and  the  combined  herbicide,  Diquat  - 

2. 4- D,  was  used  to  treat  an  additional  12,000  square  feet  of  the 
same  terrain.  Other  pest  control  activities  during  the  month 
included  the  use  of  Diazinon  on  3,000  square  feet  of  warehouse 
space.  Pyrethrum  was  used  on  120,000  cubic  feet  of  warehouse  space 
and  120,000  cubic  feet  of  food-handling  area  (Unauthored,  1934d)  . 
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No  pest  control  activity  was  reported  for  June  and  July  1984. 
Control  programs  resumed  in  August.  During  this  month,  anticoagu¬ 
lants  were  used  to  control  mice  in  15,000  square  feet  of  warehouse 
space.  Diazinon  was  applied  to  1,000  square  feet  of  food-handling 
areas,  4,000  square  feet  of  warehouse  space,  and  1,000  square  feet 
of  office  space.  Pyrethrum  was  used  on  135,000  cubic  feet  of 
warehouse  space.  Eight  acres  of  open,  grassy  fields  were  treated 
with  Malathion  and  Carbaryl  for  leaf-chewing  insects  and  culicoids. 
Bromacil-borate  Mixture  was  used  on  five  and  a  half  acres  and  2,4- 
D  was  used  on  24  acres  to  control  culicoids.  Chlordane,  to  control 
ants,  was  applied  to  an 

additional  800,000  square  feet  of  the  same  terrain,  and  anti¬ 
coagulants  were  applied  to  15,000  square  feet  (Unauthored,  1984e) . 

During  the  last  four  months  of  1984,  anticoagulants  were  used 
on  126,000  square  feet  of  warehouse  space,  15,000  square  feet  of 
office  space,  84,000  square  feet  of  industrial  areas,  6,000  square 
feet  of  food-handling  areas,  and  five  acres  and  30,000  square  feet 
of  open,  grassy  terrain.  In  addition,  food  pests  were  treated  with 
Pyre'hrum  in  120,000  cubic  feet  of  warehouse  space.  Diazinon  was 
used  on  31,000  square  feet  of  warehouse  space  and  1,000  square  feet 
of  food-handling  areas.  Finally,  Phostoxin  was  sprayed  over  three 
acres  of  open,  grassy  fields  to  control  prairie  dogs  (Unauthored, 

1 9  8  4  f ;  Unauthored,  1984g;  Unauthored,  1934h;  Unauthored,  1934i). 

Between  February  22,  1984,  and  February  29,  1984,  the  Army 
conducted  a  pest  management  program  review  to  evaluate  the 
installation  management  program  and  to  provide  recommendations  for 
improving  program  ef f c?ctiveness  and  correcting  any  attendant  health 
and  environmental  problems.  The  program  review  report  noted  that 
as  of  the  date  of  the  program  review,  pesticides  were  being  stored 
at  three  locations  on  Rocky  Mountain  Arsenal:  Building  742  (pest 
control  shop),  Building  643  (supply  storage),  and  Shed  1  of  Plot 
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3  of  the  Toxic  Storage  Yard.  The  herbicides  and  pesticides  kept 
in  Building  743  were  housed  in  separate  rooms  which  were  dry, 
secure,  fira  resistive,  curbed,  and  ventilated.  The  past  control 
shop  was  used  for  raixing  purposes  in  addition  to  storage.  Building 
643  was  used  to  store  excess  pesticides  and  was  dry,  secure,  and 
fire  resistive,  but  net  suitable  for  pesticide  storage  due  to  a 
lack  of  ventilation.  Shed  1  of  Plot  3  of  the  Toxic  Storage  Yard 
was  used  for  excess  inventory  storage.  Pesticide  inventories  taken 
during  the  1934  program  review  may  be  found  in  Tables  VIII  and  IX 
of  Appendix  B  which  follows  this  report  (Farlow,  1984). 

During  the  first  three  months  of  1985,  anticoagulants  were 
used  on  12,000  square  feet  of  warehouse  space,  6,000  square  feet 
of  industrial  area,  and  23  acres  of  open,  grassy  fields  to 
eradicate  mice.  In  addition,  approximately  15  acres  of  land  were 
treated  with  Phostoxin  to  control  prairie  dogs.  Four  acres  were 
treated  with  Trjfluralin  to  eliminate  grassy  and  broad-leaf  weeds. 
Finally,  Diarinon  was  used  on  12,000  square  feet  of  warehouse  area 
to  control  spiders  (Unauthored,  1985a;  Unauthored,  1935b;  Un¬ 
authored,  1935c) . 

In  April  1935,  trifluralin  was  used  on  six  acres  of  open, 
grassy  fields,  and  Bronacil  was  used  on  48  acres  to  control  all 
vegetation.  Broad-leaf  weeds  on  151  acres  wore  sprayed  with 
Dicamba  and  Borate-2 , 4 -D.  Broraac i 1 -borate  was  used  on  three  and 
a  half  acres  for  vegetation,  and  prairie  dogs  were  controlled  on 
120  acres  with  Phostoxin.  Finally,  Diazincn  was  used  on  4,000 
square  feet  of  warehouse  space,  and  anticoagulants  were  used  to 
control  mice  on  30,000  square  feet  of  warehouse  space  (Un authored , 

1 9  3  5  d )  . 

In  May  of  1935,  Danvel -  2,4-0  was  applied  to  129  open,  grassy 
acres  to  control  the  growth  of  broad -leaf  weeds,  while  five  acres 
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were  treated  with  Diquat  to  suppress  the  growth  of  mixed  grassy  and 
broad-leaf  weeds.  Additionally,  Dalapon  was  used  on  five  acres  of 
open  land  for  grassy  weeds  and  Dicamba  -  2,4-D  was  sprayed  manually 
over  380  acres  to  herbaceous  broad-leaf  weeds.  Phostoxin  was  also 
use  *  in  May  of  1935  to  combat  the  prairie  dog  population  on  75 
open,  grassy  acres  of  Rocky  Mountain  Arsenal  (Unauthored,  1985e) . 

During  June  of  1985,  Dicamba  -  2,4-D  was  sprayed  with  power 
equipment  over  233  open,  grassy  acres  in  an  effort  to  control 
weeds.  Phostoxin  was  applied  to  60  acres  of  open,  grassy  land  to 
combat  prairie  dogs  at  the  Arsenal  (Unauthored,  1985f) . 

The  month  of  July  1985  saw  continued  use  of  Dicamba  -  2,4-D 
for  weed  control  over  60  open,  grassy  acres.  Anticoagulant  and 
Pyrethrum  were  used  to  control  mice  and  other  food  pests  within 
40, COO  square  feet  and  64,000  cubic  feet  of  warehouse  space, 
respectively.  Mosquitoes  were  treated  with  Malathion  over  ten 
open,  grassy  acres  (Unauthored,  1985g) . 

In  August  of  1985,  Diazinon  was  sprayed  in  7,000  square  feet 
of  industrial  space,  anticoagulants  were  utilized  to  control  mice 
in  5,000  square  feet  of  industrial  space,  and  Pyrethrum  was  applied 
to  12,000  square  feet  of  industrial  space  to  wipe  out  roaches. 
Finally,  30  open,  grassy  acres  at  Rocky  Mountain  Arsenal  received 
Phostoxin  to  help  eliminate  prairie  dogs  (Unauthored,  1985h) . 

In  September  of  1985,  Diazinon  was  used  for  wasp  and  bee 
eradication  in  1,000  square  feet  of  warehouse  space,  as  well  as 
spider  control  over  21,000  square  feet  of  open,  grassy  land. 
Anticoagulants  wore  employed  for  mice  control  in  216,000  square 
feet  of  warehouse  space,  while  Phostoxin  was  sprayed  over  30  open, 
grassy  acres  to  combat  prairie  dogs  (Unauthored,  1985i) . 
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During  October  1935,  anticoagulants  were  used  as  bait  in 
103,000  square  feet  of  warehouse  space  to  control  mice.  Diazinon 
was  applied  to  2,000  square  feet  of  warehouse  space  for  ant  and 
spider  prevention,  and  also  to  26,000  square  yards  of  warehouse 
space  to  handle  wasps  and  bees  (Unauthored,  1985j). 

In  November  1935,  63,000  square  feet  of  warehouse  area  were 
treated  with  Pyrethrum  to  control  miscellaneous  food  pests.  In 
addition,  Diazinon  was  used  as  a  residual  treatment  over  2,000 
square  feet  of  warehouse  space  for  spider  control.  Lastly,  247,000 
square  feet  of  warehouse  space  were  baited  with  anticoagulant  to 
eradicate  mice  (Unauthored,  1985k). 

In  January  1986,  an  inventory  of  herbicides,  rodentic.ides , 
and  pesticides  stored  in  the  Building  742  pest  control  shop  was 
conducted.  The  results  of  the  inventory  can  be  found  in  Table  X 
of  Appendix  B  which  follows  this  report  (Marlow,  1986)  . 

In  April  1987,  the  administrators  at  Rocky  Mountain  Arsenal 
were  contemplating  the  implementation  of  another  prairie  dog 
control  program  to  begin  in  August  or  September  of  1987,  and  an 
additional  program  providing  for  the  spraying  of  mosquitoes 
starting  in  May  of  1937  and  continuing  throughout  the  summer.  As 
planned,  the  prairie  dog  control  program  was  to  focus  on  the 
following  areas: 

1)  Old  barracks  area  and  fire  station; 

2)  The  club  and  swimming  pool  area,  and  the 
western  south  plants  area; 

3)  The  logistics  area; 

4)  The  rifle  range,  reserve  center,  and 
picnic  area; 
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5)  The  air  force  building  and  construction 
area; 

6)  Three-quarters  of  a  mile  from  the  north 
and  western  boundaries; 

7)  Fifty  feet  along  Seventh  Avenue  on  both  sides  from 
Quebec  to  "D"  Street;  and 

8)  Sixty  feet  on  both  sides  of  "B"  Street,  "C"  Street, 
and  MD"  Street  from  Seventh  Avenue  to  the  north 
boundary . 

The  mosquito  control  program  would  concentrate  on  the  South  Lakes 
area,  Section  20  and  certain  other  unidentified  areas  of  the 
Arsenal  (Demarest  and  Lovell,  1987;  Heim,  1987). 

Documents  and  records  necessary  to  a  reconstruction  of  Army 
pest  and  vegetation  control  operations  and  herbicide  and  pesticide 
usage  after  1987  were  not  available  to  the  authors  of  this  study. 
During  the  periods  covered  by  this  report,  the  Army  used  numerous 
substances  in  a  variety  of  ways  to  control  vegetation  growth, 
reduce  the  presence  of  insects  adn  rodents  and  to  control  the  fish 
and  prairie  dog  populations  at  the  Arsenal.  In  retrospect,  the 
application  of  these  substances  appears  to  have  fallen  squarely 
within  the  parameters  of  normal  usage  during  the  periods  covered. 
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TA3L2  I 

Docuaantad  Quantities  of  Harbicidaa,  Paaticidoa, 
and  Insscticidaa  Used  at  Rocky  Mountain  Arsons!1 


SUBSTANCE 

irn 

QUANTITY 

REFERENCES 

2,4-D 

1964 

450  pounds 

(Asai,  1964; 

Flucke,  1964) 

1966 

250  pounds 

(Krenzer  and 

Morkovsky,  1966) 

1968 

370  pounds 

(Ammon,  1967-1963; 

1983 

4,325  gallons 

(Marlow,  1983e; 
Marlow,  19E3f) 

1984 

2,950  gallons 

(Unauthored,  1934d: 
Unauthored,  19E4e 

2 i A-D-2 , 4 , 5-T 

1984 

1,900  gallons 

(Unauthored,  19S4d) 

Aluminum 

phosphide 

1983 

16  pounds 

(Marlow,  1983f; 
Marlow,  1983i) 

A.-.* ; coagulant 

1979 

91  pounds 

(Marlow,  1979a; 
Marlow,  1979f; 
Marlow,  1 9  7  9  g ; 
Marlow,  1979h; 
Marlow,  1980a) 

1980 

193  pounds 

(Marlow,  1930b; 
Marlow,  1980c; 
Marlow,  1 9  8  0  f - j ; 
Marlow,  1981a; 
Sutherl and  ,  1 9  5 C  ; 

1981 

233  pounds 

(Marlow,  1981b; 
Marlow,  1 9 S 1  d  ; 
Marlow,  1981e-k) 

'The  above-furnished  quantities  represent  actual  substances 
used  at  Rocky  Mountain  Arsenal  as  quantified  in  the  historical 
database . 
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SUBSTANCE 

YEAH 

QUANTITY 

REFERENCES 

1982 

114  pounds 

(Harlow,  1982a-d; 
Marlow,  1982f; 
Marlow,  1983a) 

1983 

253  pounds 

(Marlow,  1983b-k) 

1984 

209  pounds 

(Marlow,  1984a-fc ; 
Unauthored,  1984a-h) 

1985 

105  pounds 

(Unauthored,  1985a-d; 
Unauthored,  1585g-k) 

£3nvel -2 , 4-D 

1985 

2,200  gallons 

(Unauthored,  19£5e; 

Bcrate-2 , 4 -D 

1980 

1,350  gal  Ions 

(Karlov;,  19S0g; 

Marlow,  1980i  ; 
Sutherland,  1980) 

1981 

528  gallons 

(Marlow,  1 9 8 1 d - f  ; 
Marlow,  19811) 

1933 

5,150  gallons 

(Marlow,  1983g-k) 

1984 

4,000  gall ons 

(Unauthored,  1984dj 

1985 

2,300  gallons 

(Unauthored,  19E5d) 

Eror.acil 

1935 

854  gallons 

(Unauthored,  1985d) 

Ercr.aci  1  -borate 

1979 

2,800  pounds 

(Marlow,  1979a-c; 
Marlow,  1979g; 

Marlow,  1 9  7  9  h  ; 

Marlow,  19S0a) 

1980 

1,726  pounds 

(Marlow,  1930b-d; 
Marlow,  19801; 

Marlow,  19S0j; 

Marlow,  1951a: 
Sutherland,  1950) 

1981 

1,300  pounds 

(Marlow,  1981b; 

Marlow,  1981c; 

Marlow,  1981]) 

1932 

1,000  pounds 

(Marlow,  1982a -d  ; 
Marlow,  1 9 3 2  f ) 

ISM 


figaaiiTY 


1983 

4 ,900 

pounds 

(Unauthored,  1983; 
Marlow,  1983d; 
Marlow,  1983f; 
Marlow,  1983g; 
Marlow,  1933i; 
Marlow,  1 9S  3  j ) 

1984 

424 

gallons 

(Unauthored,  1984c; 
Unauthored,  1584f 
Unauthored,  19o4g 

1,850 

pounds 

(Unauthored,  1984d; 
Unauthored,  15S4e 

1985 

150 

pounds 

(Unauthored,  19E5d) 

Calcium  cyanide 

1981 

68 

pounds 

(Marlow,  1981i; 
Marlow,  1981 j) 

1982 

20 

pounds 

(Marlow,  1982e) 

Carbary 1 

1976 

3,200 

pounds 

(RMA,  1976) 

1979 

3,940 

gallons 

(Marlow,  1979c-e ) 

1980 

352 

gallons 

(Marlow,  1980d-g) 

1931 

2 , 500 

gal  Ions 

(Marlow,  I981d-f; 
Marlow,  19811) 

1932 

450 

gall ons 

(Marlow,  1982e; 
Marlow,  198 2  f ) 

1983 

2,450 

gall ons 

(Marlow,  1933g; 
Marlow,  1983h) 

1984 

200 

gall ons 

(Unauthored,  1954e) 

Chi ordane 

1934 

1 1 

gall ons 

(Unauthored,  19S4e) 

Copper  sulfate 

194  3 

300 

pounds 

(CWS,  1945) 

DC  PA 

1931 

80 

pounds 

(Marlow,  1981c) 

Da  1 apon 

1935 

100 

gall ons 

(Unauthored,  1985e) 

SUBSTANCE 

QUANTITY 

REFERENCES 

Diazinon 

1979 

35  gallons 

(Marlow,  1979a; 
Marlow,  1979b; 
Marlow,  1979f; 
Marlow,  1 979g ; 
RKA,  1952c; 
Sutherland,  1979) 

1980 

34  gallons 

(Marlow,  1930b-j) 

1981 

105  gallons 

(Marlow,  19Slb-d; 
Marlow,  1 S  8 1  f  -  }*. ) 

1982 

105  gallons 

(Marlow,  1982a-f; 
Marlow,  1983a) 

1983 

1,468  gallons 

(Marlow,  1983b-k; 
Marlow,  19R4a) 

1984 

783  gallons 

(Marlow,  1984b; 

Unauthored,  1984a 
Unauthored,  1984c 
Unauthored,  1984h 

1985 

45  gallons 

(Unauthored,  1985a- 
Unauthored,  l9B5h 

Ei  car.ba 

1985 

2,300  gallons 

(Unauthored,  1985d) 

Cicar.ba-2 , 4-D 

1985 

10,200  gallons 

(Unauthored,  1985e- 

Ei guat-2 ,  4-D 

1980 

120  gallons 

(Marlow,  1980f; 
Marlow,  1980h; 
Marlow,  1980i) 

1981 

35  gallons 

(Marlow,  1981f) 

1982 

750  gallons 

(Marlow,  19S2f) 

1983 

1,418  gal  1 ons 

(Marlow,  1983e-g; 

1984 

600  gallons 

(Unauthored,  1984d) 

1985 

100  gallons 

(Unauthored,  1985e) 

Dursban 

1979 

250  pounds 

(Marlow,  1979c) 

Hyvarx 

1984 

630  gallons 

(Unauthored,  1984c) 

! !  3 1 ath i on 

1964 

30  pints 

(Asai ,  1964  ; 

Flucke,  1964) 


3  :",tr 


^oe; 


SUBSTANCE 

ms 

OUANTITY 

REFERENCES 

19S6 

500  pounds 

(Kren2er  and 

Morkovsky,  I960) 

1979 

3,940  gallons 

(Marlow,  1979c; 
Marlow,  1975d; 
Sutherland,  1579) 

1980 

4,700  gallons 

(Marlow,  1980f; 
Marlow,  1980g: 
Sutherland,  I960) 

1981 

2, 500  gallons 

(Marlow,  I981d-f; 
Marlow,  1981 i ) 

1982 

925  gallons 

(Marlow,  1932e; 
Marlow,  1982  f ) 

1983 

2,300  gallons 

(Marlow,  19S3e-g) 

1984 

2,250  gall ons 

(Unauthcred,  198;d: 
Unauthored,  1954e, 

1965 

350  gallons 

(Unauthored ,  1985g; 

.'.'a  led 

1980 

200  gallons 

(Marlow,  198  0  f ) 

Phcstoxin 

1983 

35  pounds 

(Marlow,  198 3e; 
Marlow,  198 3gr 
Marlow,  1983 j ) 

1984 

28  pounds 

(Unauthored,  19B4d; 
Unauthored,  1584e; 
Unauthored,  19S4g) 

1925 

831  pounds 

(Unauthcred,  198 5a- f 
Unauthored,  1 9  o  5  r.  - 

P/r  c-t.hr  ur. 

1979 

6  gall ons 

( Mar low,  1979a; 
Marlow,  1979c; 
Marlow,  1979d; 
Marlow,  1 9  7  9  f ; 
Marlow,  1979g; 

P.XA ,  1952c; 

Sutherland,  1575) 

1980 

2  gall ons 

(Marlow,  19S0b-e; 
Marlow,  19SC1) 

198  1 

4  gall ons 

(Marlow,  193  Id- f; 

M  a  r  1  ow ,  1 9  3  1  h ) 

195  2 

2  gallons 

(Marlow,  19  8  2  e ; 

Marlow,  1  982  1  ) 


SUBSTANCE 

year 

QUANTITY 

REFERENCES 

1983 

10  gallons 

(Marlow,  1983e; 
Marlow,  1983  f-k) 

1984 

4  gallons 

(Marlow,  1983i; 
Marlow,  1983k; 
Ur.authored ,  1534 d- 

1985 

3  gallons 

(Unauthored,  1985g; 
Unauthored,  1985h; 
Unauthored,  1965k) 

Rctenone 

1970 

50  pounds 

(Mull an,  1975c) 

Roundup 

1982 

287  gallons 

(Marlow,  198  2  f ) 

Strychnine 

1983 

35  pounds 

(Marlow,  1963c; 
Marlow,  1983d) 

7  irec 

1979 

4  gallons 

(Marlow,  1979c) 

7  r i riuralin 

1984 

1,100  pounds 

(Unauthored,  1964 d) 

19S  5 

460  pounds 

(Unauthored,  1985d) 

'""■'X 

w  l-reafccr 

1956 

7,300  pounds 

(RKA,  1956a; 

RMA,  1956b) 

1957 

33,700  pounds 

(RMA,  1957a; 

RMA,  1957b) 

1960 

8,000  pounds 

(RKA,  1960a? 

RKA,  1960b) 

1961 

1 0 , 000  pounds 

(RMA,  1961) 

1962 

72 , 000  pounds 

(RMA,  1962a; 

RMA ,  1962c) 

197  6 

200  pounds 

(Johnston,  1976; 
Phillips,  1976) 

Zinc  phosphide 

193  0 

7  pounds 

(Marlow,  1980f) 

193  3 

50  pounds 

(Marlow,  1953d; 

Unauthored,  1953) 
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TABLE  II 


Herbicides  and  Pasticida3  Used  at  Rochy  Mountain  Arsenal 

in  Unknown  Quantities 


SUBSTANCE 

XS*  R 

2,4-D 

1950 

1954 

1965 

2,4, 5-T 

1965 

Bordeaux  mixture 

1957 

Chlordane 

1950 

1957 

1959 

1961 

Crystalline  copper 

sulfate  (Blue  Vitriol) 

1944 

1945 

DDT 

1945 

1946 

1948 

19  57 

19  59 

1961 

19  50s 
1960s 

1 1  e  1  d  r  i  n 

1957 

REFERENCES 

(Chemical  Corps,  1950) 

(RMA,  li  54  ;  Shogren, 
1977,  p.  31) 

(Clevenger,  1965) 

(Clevenger,  1965) 

(USAEHL,  1957) 

(Chemical  Corps,  1950) 
(USAEHL,  1957) 

(Ledvell,  1959) 

(Vining,  1961) 

(CWS,  1945) 

(CWS,  1945) 

(MnooV. in  et  a].,  194  5) 
(McLaughlin  et  a  I  ■  ,  1946) 
(Harfcaugh,  1948) 

(USAEHL,  1957) 

(Leduell,  1959) 

(Vining,  1961) 

and 

(Mitchell,  1986) 

(USAEHL,  1957) 


SUBSTANCE 

2SM 

REFERENCES 

Dowpon 

1965 

(Clevenger,  1965) 

Hydrogen  cyanide 

1957 

(RMA,  1957a-b) 

Isopropyl  ester  of 

2 , 4  -D 

1955 

(RMA,  1955a;  RMA,  1955b) 

Karmex  (Diuron) 

1963 

(Bartschi,  1968; 
Unauthored,  1968) 

Lead  arsenate 

1957 

(USAEHL,  1957) 

Lindane 

1959 

(Ledwell,  1959) 

1961 

(Vining,  1961) 

Kalathion 

1957 

(USAEHL,  1957) 

1959 

(Ledwell,  1959) 

1961 

(Vining,  1961) 

1978 

(Grodt ,  1979) 

i  cot  i  ne  sulfate 

1957 

(USAEHL,  1957) 

"Oil" 

1944 

(Shaw  it  al.,  1944 ) 

1947 

(McLaughlin,  1947) 

Organic  phosphates 

1977 

(Shogren,  1977) 

Faris  Green 

1944 

(Shaw  et  al. ,  1944 ) 

"Rat  poison" 

1944 

(Holaday  et  si-,  1944) 

F oo  enone 

1974 

(Donnelly,  1974; 

Mullan,  1975a-c) 

Sodium  a rsen: t e 

1962 

(RMA,  1962a-b) 

Sodium  flu ora estate 

1955 

(RMA,  19  55a-b) 

195  7 

(USAEHL,  1957) 

Thallium  sulfate 

1957 

(USAEHL,  1957) 

Ureabor 

1958 

(RMA,  1 9  53a-d ) 

1959 

(RMA,  1959a-c) 

a  r  f  a  r  i  n 

1957 

(USAEHL,  1957) 
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TA3LZ  III 


Pesticides  and  Harbieidas  Used  et 
Rocky  Mountain  Arsenal:  Consolidated  Data1 


SUBSTAMCS 

YBAR 

R3FSRSNC2S 

2,4 -D 

1950 

(Chemical  Corps,  1950 

1954 

(RMA,  1954;  Shogren, 
1977,  p.  31) 

1964 

(Asai,  1964  ; 

Flucke,  1964) 

1965 

(Clevenger,  1965) 

1966 

(Krenzer  and 
Morkovsky,  1966) 

1968 

(Anmon,  1967-1968) 

1983 

(Marlow,  1983e; 

Marlow,  1983f) 

1984 

(Unauthored,  1984d; 
Unauthored,  1984e) 

2,4-D  -  2,4,5-T 

1984 

(Unauthored,  1984d) 

2,4 , 5-T 

1965 

(Clevenger,  1965) 

A1  ur.inum 
phosphide 

1933 

(Marlow,  1933f; 

Marlow,  198  3 i ) 

Anticoagulant 

1979 

(Marlow,  1979a; 

Marlow,  1979f; 
Marlow,  1979g; 
Marlow,  1 9  7  9  h  ; 
Marlow,  19S0a ) 

1980 

(Marlow,  1930b; 

Marlow,  1980c; 
Marlow,  1280f-j; 
Marlow,  1981a; 
Sutherland,  1980) 

This  table  lists  all  pesticides  and  herbicides  identified  in 
Tables  1  and  II  of  Appendix  A. 
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1981  (Harlow,  1981b; 

Marlow,  1981d; 
Harlow,  1981e-k) 

1982  (Marlow,  1932a-d; 

Marlow,  1982 f; 
Marlow,  1983a) 


1983 

(Marlow,  1983b-k) 

1984 

(Marlow,  I984a-b; 

Unauthored,  1934a-h) 

1985 

(Unauthored,  1935a-d; 
Unauthored,  1985g-k) 

Banvel -2 , 4 -D 

1985 

(Unauthored,  1985e) 

Borate-2 , 4 -D 

1930 

(Marlow,  1980g; 

Marlow,  1980i; 
Sutherland,  1980) 

1981 

(Marlow,  1981d-f; 
Marlow,  198 li) 

1983 

(Marlow,  1983g-k) 

1984 

(Unauthored,  19S4d) 

1985 

(Unauthored,  1985d) 

Bordeaux  mixture 

1957 

(USAEHL,  1957) 

Bror.acil 

1935 

(Unauthored,  1935d) 

Eror.aci  1  -be:  ate 

1979 

(Marlow,  l979a-c; 
Marlow,  1979g; 
Marlow,  1979h; 
Marlow,  1980a) 

1930 

(Marlow,  1930b-d; 
Marlow,  1930i; 
Marlow,  1 9  S  0 j ; 
Marlow,  1981a; 
Sutherland,  1980) 

198  1 

(Marlow,  1931b; 

Marlow,  1981c; 

Marlow,  198 lj ) 

1932 

(Marlow,  19S2a-d; 

Marlow,  1982.) 


SUBSTANCE 


RsrsnsNcss 


1983 

(Unauthored,  1983; 
Marlow,  1983d; 
Marlow,  1983f; 
Marlow,  1933g; 
Marlow,  1933i; 
Marlow,  1933k) 

1984 

(Unauthored,  1934c; 
Unauthored,  1984f; 
Unauthored,  1984g) 

(Unauthored,  1934d; 
Unauthored,  1984e) 

1985 

(Unauthored,  1985d) 

Calciun  cyanide 

1981 

(Marlow,  1981 i; 

Marlow,  1981j) 

1982 

(Marlow,  1982e) 

Carbary 1 

1976 

(RMA,  1976) 

1975 

(Marlow,  1979c-e) 

1960 

(Marlow,  1980d-g) 

1931 

(Marlow,  1 9 8 1 d - f  ; 
Mario-;,  1981i) 

1982 

(Marlow,  19S2e; 

Marlow,  19  82  f ) 

1983 

(Marlow,  198 3g; 

Marlow,  1983h) 

1984 

(Unautho’-ed ,  1964e) 

Cnlordane 

1950 

(Chen.ical  Corps,  1950) 

1957 

(USAEHL,  1957) 

1959 

(Ledwell,  1959) 

1961 

(Vining,  1961) 

1984 

(Unauthored,  1984e) 

Copper  sulfate 

194  3 

(CWS,  1945) 

7:293- 
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SUBSTANCE 


yeas  Rgysasscss 

Crystalline  copper 


sulfate  (Blue 

Vitriol)  1944 

(CWS,  1945) 

1945 

(CWS,  1945) 

DCPA 

1981 

(Marlow,  1981C) 

DDT 

1945 

(Mnookin  £t  al .  ■  1945) 

1946 

(McLaughlin  et  al . , 
1946) 

1948 

(Harbaugh,  1948) 

1957 

CJSAEHL,  1957) 

1959 

(Ledwell,  1959) 

1961 

(Vining,  1961) 

1950s  and 
1960s 

(Mitchell,  1986) 

Da  1 apon 

1985 

(Unauthored,  1985e) 

Diazinor. 

1979 

(Marlow,  19~-a; 

Marlow,  1979b; 

Marlow,  1979f; 

Marlow,  1979g; 

RMA,  1952c; 
Sutherland,  1975) 

I960 

(Marlow,  1980b-j) 

1981 

(Marlow,  1981b-d ; 
Marlow,  1981f-k) 

1982 

(Marlow,  1982a-g) 

1983 

(Marlow,  1933b-k; 
Marlow,  1984a) 

1984 

(Marlow,  1984b; 

IJnauthored,  1984a; 
Unauthored,  1934c-f; 
Unauthored,  1984h) 

1955 

(Unauthorad,  1935a-d; 
Unauthored,  1935h~k) 

Di camba 

1985 

(Unauthored,  1985d) 

Di canfca-2 ,4-0 

1985 

(Unauthcred,  1985e-g) 

Dieldrin 

1957 

fUSAEHL,  1957) 

Diquat-2 , 4-D 

1980 

1981 

19S2 

1983 

1984 

1985 

Dowpcn 

1965 

Dursfcan 

1979 

Hydrogen  cyanide 

1957 

Hyvarx 

1984 

Isopropyl  ester  of 

2  ,  4-D 

1955 

Karr.ex  (Diuron) 

1968 

Lead  arsenate 

1957 

Lindane 

1959 

1961 

Ka 1 athion 

1957 

1959 

1961 

1964 

1966 

1977 

1978 

1979 


(Marlow,  1980f; 

Marlow,  1980h; 

Marlow,  1980i) 

(Marlow,  1981f ) 

(Marlow,  1982f) 

(Marlow,  1983e-g) 

(Unauthored,  1984d) 

(Unauthored,  1985e) 

(Clevenger,  1965) 

(Marlow,  1979c) 

(RKA ,  1957a-b) 

(Unauthored,  1984c) 

(RMA,  1955a;  RMA ,  1955fc) 

(Bartschi,  1968; 
Unauthored,  1968) 

(USAEHL,  1957) 

(Ledvell,  1959) 

(Vining,  1961) 

(USAEHL,  1957) 

( Led we 1 1 ,  1959) 

(Vining,  1961) 

(Asai ,  1964  ; 

Flucke,  1964) 

(Krenzer  and 

Morkovsky,  1966) 

(Shogren,  1977) 

( Grodt ,  1978) 

(Marlow,  1979c; 

Marlow,  1979d; 
Sutherland,  1979) 
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SUBSTANCE 

VSAR 

REFERENCES 

1980 

(Marlow,  I980f; 
Marlow,  198 Og; 
Sutherland,  1980) 

1981 

(Marlow,  1981d-f; 
Marlow,  1981i) ' 

1982 

(Marlow,  1982e; 
Marlow,  1982f) 

1983 

(Marlow,  1983d-f) 

1984 

(Unauthored,  1984d; 
Unauthored,  1984e) 

1985 

(Unauthored,  1985g) 

Hal  ed 

1980 

(Marlow,  1980f) 

Nicotine  sulfate 

1957 

(USAEHL,  1957) 

"Oil" 

1944 

(Shaw  et  al . ,  1944 ) 

1947 

(McLaughlin,  1947) 

Organic  phosphates 

1977 

(Shogren,  1977) 

Paris  Green 

1944 

(Shaw  et  al.,  1944 ) 

Ph os toxin 

1983 

(Marlow,  198 3e; 
Marlow,  19B3g; 
Marlow,  1983k) 

1984 

(Unauthored,  1984d; 
Unauthored,  1984e; 
Unauthored,  1984g) 

1985 

(Unauthored,  1985a-f; 
Unauthored,  1985h-k 

Py  ref  hrur. 

1979 

(Marlow,  1979a; 

Marlow,  1979c; 
Marlow,  1979d; 
Marlow,  1979f; 
Marlow,  1979g; 

RMA,  1952c; 

Sutherl and ,  1979) 

1980 

(Marlow,  1980b-e ; 
Marlow,  1980i) 

1981 

(Marlow,  1981d-f; 

Marlow,  issih) 


7 : ?5pr 


SUBSTANCE 

Bamsacjsg 

1982 

(Marlow,  1982e; 

Marlow,  1982f) 

1983 

(Marlow,  1983d; 

Marlow,  1983f-k) 

1984 

(Marlow,  1983i; 

Marlow,  1983k; 
Unauthored,  1984d-f) 

1985 

(Unauthored,  1985g; 
Unauthored,  1985h; 
Unauthored,  1985k) 

"Eat  poison" 

1944 

(Holaday  gt  ai< ,  1944) 

Rotenone 

1970 

(Mullan,  1975c, 

1974 

(Donnelly,  1974 ; 
Mullan,  1 97  5a -c ) 

Roundup 

1982 

(Marlow,  1982  f ) 

Sodiur  arsenite 

1962 

(RMA,  1962a-b) 

Sodium  fluoracetate 

1955 

(RMA,  1955a-b) 

1957 

(USAEHL,  1957) 

Strychnine 

1983 

(Marlow,  1983c; 

Marlow,  1983d) 

Thai  1 iun  sulfate 

1957 

(USAEHL,  1957) 

I  ir.ec 

1979 

(Marlow,  1979c) 

Tri f lural  in 

1984 

(Unauthored,  19S4d) 

1985 

(Unauthored,  1985di 

Ureabor 

1956 

(RMA,  1956a; 

RMA,  1956b) 

1957 

(RMA,  1957a; 

RTA,  1957b) 

1958 

(RMA,  1953a-d) 

1959 

(RMA,  1959a-c) 

1960 

(RMA,  1960a; 

RMA,  1960b) 

1961 

(RMA,  1961) 

SUBSTANCE 

asrsagflcgs 

o 

1962 

(RMA,  1962a; 

RHA,  1962C) 

Warfarin 

1957 

(USAEHL,  1957) 

1976 

(Johnston,  1976; 
Phillips,  1976) 

Zinc  phosphide 

1930 

(Marlow,  1980f) 

1983 

(Marlow,  1933d; 
Unauthored,  1983) 

?• 


TABLE  IV 


Aggregate  Yearly  Qu.anti.tia3  of  Herbicides, 
Pesticidas,  and  Insacticidas  Oaad  at 
Pocky  Mountain  Arosnal1 


Yoar 

Gallons2 

Pounds2 

1943 

300 

1944-1955 

No  amounts  reported 

1956 

7,300 

1957 

33,700 

1958 

No  amounts  reported 

1959 

2,500 

1960 

8 , 000 

1961 

10,000 

196  2 

52,000 

1963 

20,000 

1964 

3 

450 

1965 

525 

1966 

750 

1967 

No  amounts  reported 

1968 

370 

1969 

No  amounts  reported 

1970 

50 

1971-1975 

No  amounts  reported 

1576 

3 ,200 

1977-1978 

No  amounts  reported 

1979 

7,925 

3,141 

’Source:  Appendix  A,  Table  1. 

'The  above-furnished  quantities  represent  actual  substances 
used  at  Rocky  Mountain  Arsenal  as  quantified  in  the  historical 
database.  The  quantities  reported  in  pounds  (gallons)  are 
independent  of  those  reported  in  gallons  (pounds). 


>«  1*^ 


i13X 

Gallons2 

Pounds2 

1980 

6,758 

1,926 

1981 

5,672 

1,681 

1982 

2,519 

1,134 

1983 

17,121 

5,289 

1984 

13,764 

3,187 

1985 

18,452 

1,546 

1586- 

No  awoui 

TAL 

72.214 

157 . 000 

■.AiU^ 


APPENDIX  3 


TABL2  I 

1975  Pssticidia  Iavantory,  3ui.ldi.Eg  544  Area1 


PESTICIDE 


ooAyriTY2 


2,4-D 

2,4,5-T 

2,4-D  and  2,4, 5-T 

Anticoagulant  Dusting  Powder 

Baygon  Propoxur 

Borate-Bromaci 1  Mixture 

Bordeaux  Mixture 

Boric  Acid 

Calcium  Cyanide 

Carbaryl 

Chlordane 

Copper  acetoarsenite 
DDT  Powder 
Diazinon 

Dieldrin  granules 

Diquat 

Diuron 

Diuron 

Lidnane 

Ma 1  a th i on 

N  a  1  e  d 

Poison  Grain 
Propoxur 

Pyrethrur.  Roach  Pov.-der 
Sir.asine 

Sodium  2 , 2 -d i chi oropropi ona t e 
Strychnine  Grain 
T  h  i  r  a  r. 

Vapona 

Warfarin 


272  gallons 
25  gallons 
209  gallons 
5  pounds 
5  pounds 
597  pounds 
52  pounds 
10  pounds 
5  pounds 
100  pounds 
9  gallons 
5  pounds 
50  pounds 
229  gallons 
2  pounds 
17  gallons 
5  gallons 
50  pounds 
10  gallons 
124  gallons 
22  gallons 
25  pounds 

1  gallon 
5  pounds 

20  pounds 
30  pounds 
38  pounds 

2  pounds 
140  strips 
128  pounds 


Sou; 


Hastriter  and  McLaurin,  1376 


Quantities  shown  in  the  above  chart  reflect  actual 
stored  but  do  not  necessarily  represent  pure  quantities 
substance.  Many  named  substances  were  substantially  dilu 
water  or  some  other  chemical  prior  to  application. 


arcunt  r. 
o 
t  e 


u 


2i3S23S«5!SK^vSEE^^ 


TABLE  II 

1979  Pasticide  Invsntory,  Building  544  and  Storage  Shed1 


PESTICIDE 

797-A  Powdered  Insecticide, 
pyrethrine  1  percent, 
silica  gel  40  percent 

Aldrin 


Arasan  75 

thiram  75  percent 

Arsenate  of  Lead 

Baygon  R  Roach  Bait 
propoxur  2  percent 

Cyanogas-AR 

Calcium  Cyanide  42  percent 

De-PesterB  Ded-WeedD 
2, 4-D 
2,4,5-T 

Diquat  Water  Weed  Killer 
diquat  dibromide 
35.3  percent 

Experimental  Anticoagulant 
Dusting  Powder  calcium 
salt  of  2-substituted  1,3 
indandione  2.174  percent 


Herbicide  Dimethyl 

Tetrachloroterephalate 
Dachtha  1P  W-75  DCPA 
75  percent 


84  ounces 


LOCATION 
Building  544 


110  gallons 

Outside  Storage 
Shed 

2  pounds 

Building  544 

2  pounds 

Building  544 

2.5  pounds 

Building  544 

1  pound 

Building  544 

55  gallons 

Outside  Storage 
Shed 

20  gallons 

Outside  Storage 
Shed 

4.5  gall ons 

Building  544 

108  pounds 

Building  544 

Source:  Grodt,  1979 

Quantities  shown  in  the  above  chart  reflect  actual  amounts 
stored  but  do  not  necessarily  represent  pure  quantities  of  that 
substance.  Many  named  substances  were  substantially  diluted  with 
water  or  some  other  chemical  prior  to  application. 


PESTICIDS 


AMOUNT 


LOCATION 


Herbicide  2,4-D 

Thompson  Weedicide 
Concentrate,  dimethyl 
salt  2,4-D  acid  50  percent 
equivalent  2,4-D  acid 

41.5  percent 

55  gallons 

Outside  Storage 
Shed 

House  Mouse,  Meadow  Mouse, 
and  Pocket  Gopher  Bait 
Strychnine  alkaloid 

0.5  percent 

40  pounds 

Building  544 

Insecticide  Chlordane 

EC,  73.6  percent 

2  gallons 

Outside  Storage 
Shed 

Insecticide  Diazinon  EC, 

47.5  percent 

5.5  gallons 

Building  544 

Insecticide  Diazinon  EC, 

48.2  percent,  D-To>:  4E 

1  gallon 

Building  544 

Insecticide  Diazinon  Liquid 
Residual,  0.5  percent 

2  gallons 

Building  544 

Insecticide  Naled,  85  percent 

14  gallons 

Outside  Storage 
Shed 

Insecticide  Powder  Roach 

sodium  fluoride  47.5  percent 
pyrethrins  0.2  percent 

5  pounds 

Building  544 

Insecticide  Pyrethrin, 

0 . 6  percent 

324  ounces 

Building  544 

Insecticide  Strip 
dichlorovos 

140  strips 

Outside  Storage 
Shed 

Malathion,  57  percent 

190  gall ons 

Outside  Storage 
Shed 

Paris  Green,  Copper  aceto 
arsenite  85.4  percent 

5  pounds 

Building  544 

P.adapon0  dalapon  82  percent 

5  pounds 

Building  544 

Rid-A-Bird”  endrin  9.75  percent 

1  pint 

Building  544 

Rodenticidal  Bait 

Anticoagulant  warfarin 

0.025  percent 

150  pounds 

Building  544 

Sevin”  Sprayable 

Carbaryl  80  percent 

220  pounds 

Building  544 

Sima  zinc  8  0 W,  8  0  percent 

17  pounds 

Building  544 

2 .  v-rr 


PESTICIDE 

AMOUNT 

LOCATION 

ULDr  BP-300  Insecticide 

10.5  gallons 

Building  544 

Unknown 

10  gallons 

OutsideStorage 

Shed 

Zinc  Phosphide  on  Steam 
Rolled  Oats,  2  percent 

250  pounds 

Outside  Storage 
Shed 

TABLE  III 

1979  Pesticida  Inventory,  Building  6161 


Pesticide 


Amount2 

Container 


Insecticide,  DDT,  20  percent 


990  gallons 
(55-  gallon  drum 


Insecticide,  DDT,  20  percent 


220  gallons 
(55-gallon  drums 


’Source:  Grodt ,  1979 

‘’Quantities  shown  in  the  above  chart  reflect  actual  arcur.tr 
stored  but  do  not  necessarily  represent  pure  quantities  cf  that 
substance.  Many  named  substances  were  substantially  diluted  with 
water  or  some  other  chemical  prior  to  application. 


P03tieid3 


TABLE  IV 

1979  Pesticide  Inventory,  Building  6131 


Anount2 

(Container! 


Bordeaux  Mixture 

copper  12.75  percent 


48  pounds 
(4-pound  bags) 


Boric  Acid 


10  pounds 
(1-pound  bottles) 


Caw  Caw  Rope 

(bird  repellant) 

DED-Weed* 

2 , 4  -D 
2,4, 5-T 

Dowpon3 

dalapon  85  percent 


240  feet 

(48-foot  bundles) 

165  gallons 
(55-gallon  drur.s) 


25  pounds 
(5-pound  boxes) 


Herbicide  2,4-D,  50  percent 

Insecticide,  Diazinon  2  percent 
Dust 


165  gallons 
(55-gallon  drurs, 

225  gallons 
(25-gallon  drur.s; 


Insecticide,  Lindane  1-pound/gallon 


10  gallons 
(5-gallon  cans) 


Insecticide,  Haled  Concentrate 


25  gallons 
(25-gallon  drur.s) 


Pci  son  Grain 

strychnine  0.5  percent 


50  gallons 
(50-gallon  drurs) 


Tcrdon  R  101  Mixture 
picloran  39  percent 


5  gallons 
(5-gallon  cans) 


V.’ilco  Ground  Squirrel  Bait 

chlorophacinone  0.5  percent 


48  pounds 
(4-pound  cans) 


5 


’Source:  Grodt,  1979 


Quantities  shown  in  the  above  chart  reflect  actual  anount? 
stored  but  do  not  necessarily  represent  pure  quantities  of  that 
substance .  Many  named  substances  were  substantially  diluted  with 
water  or  sore  other  chemical  prior  to  application. 
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TABLE  V  . 

1979  pesticide  inventory,  Building  785 


Aaount2 

(Container! 

Pesticide 

5,200  pounds 

OxyR  Borocil  TV  (50-pound  bags) 

sodium  metaborate 
tetrahydrate  94  percent 
bromacil  4  percent 


Sou rce : 


Grodt,  1979 


Quantities  shown  in  the 
stored  but  do  not  necessarily 
substance.  Many  named  substan 
water  or  some  other  chemca_  p 


above  chart  reflect  actual 
reoresent  pure  quantities  of  that 
ces" were  substantially  diluted  wi.r 
-ion  to  application. 


TABLE  VI 

1981  Pesticide  Inventory 


IM^ » A" jt mL<4. iUU v**’. M.v.Jii-..— ... M -,. I  ).,■ ,  J  J". 


,  Building  6161 


I 


H 


Pesticide 


Insecticide,  DDT,  20  percent 


Insecticide,  DDT,  20  percent 


Amount 

^Container) 


990  gallons 
(55-gallon  drums) 

220  gallons 
(55-gallon  drums; 


’Source;  Grodt,  1981 


^Quantities  shown 


in  the  above  chart  reflect  actual 


a  counts 
of  that 


stored  but  do  not  necessarily  represent  pure  quantities  _ 

substance.  Many  named  substances  were  subs  <_an  u  i  a  11  >  duu^-- 
water  or  some  other  chemical  prior  to  application. 


ft 
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TABLE  VII  _  .  « 

1981  Paaticida  Inventory/  Building  §43 


Pesticide 


Bordeaux  Mixture 

copper  12.75  percent 

CEO-Weed 
2 ,  4-D 
2,4, 5-T 

Herbicide  2, 4-D,  50  perc« 


Insecticide,  aldrin 
(unserviceable) 

Insecticide, 

Diacinon  2  percent  Dust 

Insecticide,  Naled 
Concentrate 

Tcrdon  101  Mixture 
piclorar.  39  percent 


Aaount 

ICpjvtainarJ 


48  pounds 
(4-pound  bags) 

165  gallons 
(55-gallon  drur.s; 


165  gallons 
(55-gallon  drurs, 

110  gallons 
(55-gallon  drur.s) 

225  gallons 
(25-gallon  drur.s) 

25  gallons 
(25-gallon  drur) 

5  gallons 
(5-gallon  can) 


'Source:  Grodt ,  1931 

2  in  the  above  chart  reflect  actual  atOur 

1 1  ^  "i  C.  1  tl  1  0  SnO » n  in  Lii-  foe  n  f  t  ^ 

>-.o^rps»nt  pure  quart  it  ues  ui 

nar\ 7  YJbV.ar.cYs  -ere  substantially  djlutea  v: 
vizir  cC'scre  other  Cher, reel  prior  to  application. 


VIII 

19S4  pasticida  lavsniory,  Suildi^  S43 


Pesticide 


Raount2 

(Container) 


Bordeaux  Mixture 

copper  12.7  percent 


48  pounds 
(4-pound  bags 


BED-Weed 

2,4-D 

2,4,5-T 


166  gallons 
(55-gallon  dru 


Herbicide  2,4-D, 
50  percent 


100  gallons 
(55-gallon 


110  gallons 

Insecticide,  (55-gallon  dr 

Aldrin 

(unserviceable) 


insecticide, 

Diazinon  2  percent  Dust 


225  pounds 
(25-gallcn  dr 


Insecticide , 

Naled  Concentrate 


25  gallons 
(2 5-gal  lor,  d 


'Source:  Farlcv,  1984 


Quantities  shown  in  the 
stored  but  do  not  necessarily  represent 
substance.  Many  nar.ed  substances 

sons  other  chemical  prior  to  app 


above  chart  reflect  actual 

pure  quantities  o 
were  substantially  dilute 
1 icat ion . 


a- 


or 


1984 


Pesticide 


TABLE  IX 

Inventory,  Toiric  storage  i*rd 


Pesticide 


Aaount2 

(Container) 


Insecticide, 

Heptachlor 


165  gallons 
(55-gallon  drums) 


’Source:  Farlow,  1984 


Quantities  shown  in  the  above  chart  reflect  actual  amounts 
stored  but  do  not  necessarily  represent  pure  quantities  oi  that 
substance.  Many  named  substances  were  substantially  diluted  with 
water  or  some  other  chemical  prior  to  application. 
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TABLE  2 

1936  Herbicide,  Hadanticids,  &ad 
Pesticides  Inventory,  Euildiag  7421 

Herbicide  Quantity2 


2,4-d  50  percent 
Banvel  48.2  percent 
Bcrocii  Soil  Sterilant 
Dacthal  N-75  WWP 
Diquat 

Embark  Plant  Growth  Regulator, 
28  percent 

Fertilome  Lawn  Fertilizer 
LWK  No.  2  Weed  Killer 
Ortho  X-77  Spreader 
Simazine  SOW  WWP 
Tordon  101  Mixture 


3  Bags/5  poundseach 
30  Each/l-gallon  cans 
1  Bag/50  pounds 

4  Bags/24  pounds  each 
17  Each/5-gallon  cans 

8  Each/l-gallon  cans 
48  Each/10-pound  bags 
1  Quart  bottle 
29  Each/l-gallon  cans 
3  Bags/5-pounds  each 
1  Each/5-gal Ion  can 


Roflentlcide 

Anticoagulant  0.3  percent 
Baygon  Poach  Bait  0.2  percent 
Fumitoxin  55  percent 

Phostoxin  55  percent 
Zinc  Phosphide 


299  Each/l-pound  cans 
1/4  Pound 

48  Flasks/2-pounds 
3.28  ounces  each 
120  Flasks/3 . 3-pounds  each 
4  Bags/50-pounds  each 


Pesticide 


797-A-Powder  Insecticide  (Pyrethrin) 

1 . 0  percent 

Diazinon  0.5  percent  solution 
Diazinon  4e  47.5  percent 
Diazinon  Concentrate  47.5  percent  E.C. 
Dibrom  14  (Naled) 

Insect  Repellant  (Personal  Application) 


8  Bulbs/30  ounces  each 

1-1/4  Gallon 
14  Gallons 
12  Gallons 

Approximately  2  Gallons 
17  Each  dispenser/2  ounces 

each 


Kalathion  57  percent 
Naled  .8  5  percent 
Paris  Green  85.4  percent 
Pyrethrum  Roach  Powder  .2  percent 
Sevin  Carbaryl  WWP 
80  percent 

ULD  20  Smoke  Odor  Counteract 
ULD  BP  300  3.0  percent  Solution 
ULD  CS  85  Micro  Generator  Cleaning 
Solvent 


1  Each/55-gal Ion  drum 
3-Gallon  jar 
1  Each/5  pound  can 


15  Bags/10  pounds  each 
1  Gallon 
1-1/4  Gallon 
1  Gallon 


'Source:  Marlow,  1936 

Quantities  shown  in  the  above  chart  reflect  actual  amounts 
stored  but  do  not  necessarily  represent  pure  quantities  of  that 
substance.  Many  named  substances  were  substantially  diluted  with 
water  or  some  other  chemical  prior  to  application. 
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Compound/ 

Sfitfia sn 

Chlordane 


TABLE  II 

,si:  s«to«s^«« •  ~5s  »#cia"  ‘ 

aarbicidas,  1975  Through  1973 


Araa{a) 

gaorasantad 


YaarlV  Hsan  Concentrations 

-  1973  marts  par  mllaojl 


Sediment 
Residential 
Pesticide  shop  and 
storage 

Other  selected  areas 


Less  than  0.06 

Between  0.1  and  0.4 
Between  2.3  and  3.3 

Between  0.25  and  0.5 


Tctal  DDT 

including  DDD 
and  DDE 


Sediment 
Residential 
pesticide  shop  and 
storage 

Other  selected  areas 


Between  0.06  and  0.2 
Between  0.50  and  0.7 
About  2 . 0 

About  1.0 


Cyclodienes  like 
Aidrin, 
Dieidrin,  and 
Er.dr  in 


Sediment 
Residential 
Pesticide  shop  and 
storage 

Other  selected  areas 


Less  than  0.06 

Between  0.2  and  0.4 
Between  2.2  and  3.3 

Between  0.2  and  0.5 


Organophosphates 

like' Malathion, 
Chlorpyr if or 
Diazinon, 
Parathion,  and 
Ronnel 

" BHD"  including 
Lindane 


Sediment 
Residential 
pesticide  shop  and 
storage 

Other  selected  areas 


Sediment 
Residential 
Pesticide  shop  and 
storage 

Other  selected  areas 


0.0 

0.0 

Between  0.5  and  1.5 
Less  than  0.05 


0.0 

0.0 

Less  than  0.21 
Less  than  0.051 


'Source:  McDermott,  1931 

oni«  are  specUU, 

documents  ^indicates'3  that  concentrations  are  in  parts  F* 

million. 


these  data 


in  parts  F' 
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TABLE  HI 


of 

Evaluation  of  Pssticid® 
Bslectsd  Cesponants  of 
RocXy  Mountain  Arsenal,  197 

Distribution  in 
tha  Environment  _  , 

5:  pasticid®  Profile 

Concentration 

Number  of 

Huriber 

ef  Range  (parts 

. .  _  w»r  million) 

Mean 

gub3t£Ste 

fiaspUJi — 

Pestici 

„  C  &  3  EJEi — - — — 

Soil 

18 

14 

BDLJ-294 . 33 

13.99 

0.05 

•7 

4 

BDL2-0 . 13 

Sediment 

/ 

A 

8 

0.12-3.53 

1  -  57 

Fish 


i 

I 

I 


Wee:  Olds  et  aj  .  ,  157  3 

J3el  ov  detection  limits— no  pesticides 
levels  of  detectability. 


were  detected  a 


the 


5 
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Table  IV 


Evaluation  of  »«»“  of  th o '»«“ onnont 

Balectoi!  coBjonontn  of  “  ov«rall 

of  Itoeiy  »«»«!=  „S*'lf  pi »ti=ia«’ 


Enviroosantal 
Concentration (a) 
component - 


Hot 


Soil 

Festicide  Shop 


Excessive 


X 


Major  Pesticide (s) : 
Reported 

{parts  per  silllQIil 


Aldrin 

34.400 

Chlordane 

131.83 

DDT  group3 
93.53 

Dieldrin 

33.240 


Aldrin 
0.55 

Dieldrin 
4 .44 

Landfill 

Fesidential 

Y 

Cant onrent 


pesticide  storage 


S 


if 

ii 


vCO-  olds  et  al. ,  1373 


Source : 


,  , ,o^o  considered  excessive: 

s.„  pp;-  »>* fish  at°ve  1-° p! 

*„,it  group  includes  DDT,  DDE.  and  ODD. 
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pom . 
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Hajor  Pesticide (s) : 
Reported  concentration  (s) 
(parts  par  aillionj - 


ijnv  i  r  ones  an  t  %  1 


Hot  2 

£2LS±2»ivj 


a^cagaiva 


Recreation 


X 


DDT  group3 
11.69 


Sediment 

Stream/originating 


X 


Chlordane 

0.13 


Impounded  water 
Fish 

Ir.pounded 


X 


Dieldrin 
1 .120 
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Microfilm  RMA194,  Frame  1075. 

Rocky  Mountain  Arsenal  (RMA).  1961.  History  of  Rocky  Mountain 
Arsenal,  October  1,  1961  through  December  31,  1961,  p.  35. 
Microfilm  RMA194,  Frame  1547. 

Rocky  Mountain  Arsenal  (RMA).  1962a.  History  of  Rocky  Mountain 
Arsenal,  January  1,  1962  through  March  31,  1962,  p.  30. 
Microfilm  RMA194,  Frame  1613. 


Rocky  Mountain  Arsenal  (RMA) .  1962b.  History  of  Rocky  Mountain 

Arsenal,  April  1,  1962  through  June  30,  1962,  p.  35. 
Microfilm  RSA014,  Frame  1843. 


Rocky  Mountain  Arsenal  (RMA) .  1962C.  History  of  Rocky  Mountain 

Arsenal,  October  1,  1962  through  December  31,  1962,  p.  29. 
Microfilm  RMA194,  Frame  1841. 


Rocky  Mountain  Arsenal  (RMA).  1976.  History  of  Rocky  Mountain 
Arsenal,  July  1,  1975  through  September  30,  1976,  p.  72. 
Microfilm  RMA196,  Frames  0543-0660,  0617. 

Shav;,  J.  W.  et  al.  1944  ,  May  22.  Memorandum  to  Commanding 
Officer.  Industrial  Hygiene  and  sanitation  committee 
meeting,  p.  1.  Rocky  Mountain  Arsenal.  Microfilm  RSA017, 
Frames  0373-0375,  at  0373. 


Shogren,  D.  L.  et  aj.  •  1977,  January.  Land  management  plan,  pp. 

31,  34.  Rocky  Mountain  Arsenal.  Microfilm  RMA150,  Frames 
0484-0538,  at  0533,  0536. 

Smith,  D.  P.  1952,  June  23.  Staff  Meeting  No.  70.  Production 
Division,  p.  2.  Rocky  Mountain  Arsenal.  Microfilm  RLA007, 
Frames  2134-2137,  at  2135. 


lit- rtv.pfs 


D-14 


Sutherland,  R.  L.  1979,  June  12.  Pest  control  report,  May  1975. 
Rocky  Mountain  Arsenal.  Microfilm  RMA1S2 ,  Frames  2020-2026. 

Sutherland,  R.  L.  19S0,  September  4.  Pest  control  report, 

August  1980.  Rocky  Mountain  Arsenal.  Microfilm  RMA182, 
Frames  1932-1983. 

Unauthored.  1968,  August  29.  Aquatic  weed  control  on  Lake  Mary, 
p.  2.  United  States  Department  of  the  Interior.  Microfilm 
RFA001 ,  Frames  0462-0463,  at  0463. 

Unauthored.  1983,  February.  Pest  control  report,  February  1983. 
Rocky  Mountain  Arsenal.  Microfilm  RMA182,  Frames  1716-1721. 

Unauthored.  1984a,  February.  Pest  control  report,  February 
1984.  Rocky  Mountain  Arsenal.  Microfilm  RKA182,  Frame 
1709  . 

Unauthored.  1984b,  March.  Pest  control  report,  March  1964. 

Rocky  Mountain  Arsenal.  Microfilm  RKA1S2,  Frame  1708. 

Unauthored.  1984c,  April.  Pest  control  report,  April  1984. 

Rocky  Mountain  Arsenal.  Microfilm  RMA182,  Frame  1707. 

Unauthored.  1984d,  May.  Pest  control  report,  May  1964.  Rocky 
Mountain  Arsenal.  Microfilm  RKA182,  Frames  1705-1706. 

Unauthored.  1984e,  August.  Pest  control  report,  August  1984. 
Rocky  Mountain  Arsenal.  Microfilm  RMA1S2,  Frame  1702. 

Unauthored.  1934f,  September.  Pest  control  report,  September 
1984.  Rocky  Mountain  Arsenal.  Microfilm  RMA182,  Frames 
1701  . 

Unauthored.  1984g,  October.  Pest  control  report,  October  1984. 
Rocky  Mountain  Arsenal.  Microfilm  RMA1S2,  Frame  1700. 


3  .  23cr 

\  » t  •  rev  .  c*s 


D-15 


3  , 


- - - 


Unauthored.  1984h,  November.  Pest  control  report,  November 
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